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PREFACE  TO  THE  THIRD  EDITION. 


When,  four  years  ago,  I  first  placed  my  Clinical  Diagnosis  before 
the  medical  profession  I  pointed  out  that  up  to  that  time  laboratory 
diagnosis  had  been  greatly  neglected,  not  only  in  this  country,  but 
also  abroad.  Even  in  our  most  modern  medical  institutions  well 
equipped  clinical  laboratories  could  hardly  be  said  to  exist,  and  the 
subject,  as  such,  was  taught  in  none.  Since  that  time  great  changes 
have  taken  place.  Clinical  laboratories  are  everywhere  coming  into 
existence,  and  are  now  regarded  as  being  as  important  in  medical 
education  as  the  chemical  and  pathological  laboratory,  and  special 
instructors  have  been  appointed  in  many  of  our  modem  medical 
schools. 

The  general  practitioner  has  likewise  appreciated  the  immense 
assistance  offered  him  by  modern  methods  of  precision  in  diagnosis, 
and  the  obligation  to  utilize  them  for  his  patients'  benefit.  I  am 
assured  that  a  large  part  of  the  demand  for  this  book  has  come  from 
men  in  active  practice,  warranting  the  conclusion  that  my  efforts 
to  adapt  it  to  their  needs  as  well  as  to  those  of  students  have  not 
miscarried.  My  purpose  has  been  to  state  the  best  modern  methods 
clearly  and  simply,  with  all  necessary  instructions,  and  to  advance 
their  utilization  by  rendering  them  practicable  so  far  as  possible  with 
apparatus  which  every  well-equipped  physician  should  possess. 

In  consequence  of  the  growing  interest  in  the  subject  a  large  num- 
ber of  valuable  contributions  to  its  literature  have  appeared.  The 
study  of  the  blood  especially  has  been  widely  taken  up,  and  more 
detailed  information  than  was  given  in  my  earlier  editions  has  been  de- 
manded and  is  now  supplied.  The  entire  work  has  been  thoroughly 
revised,  much  new  matter  added,  whole  sections  have  been  rewritten, 
methods  rendered  obsolete  by  the  rapid  advances  of  the  science  have 
been  replaced  by  those  representing  the  latest  progress  and  new  illus- 
trations added  where  necessary.  Every  effort,  in  short,  has  been 
made  to  render  the  book  as  modern  and  practical  as  possible. 
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To  many  of  my  medical  friends  I  am  indebted  for  valuable  sug- 
gestions^ and  I  trust  that  this  edition  also  will  meet  with  the  same 
favorable  reception  which  was  accorded  the  ones  preceding. 

CHARLES  E.  SIMON. 

1302  Madison  Avenue, 

Baltimore,  Md.,  1900. 


PREFACE  TO  THE  SECOND  EDITION. 


In  the  present  edition  the  endeavor  has  been  made  to  bring  the 
volume  thoroughly  up  to  date.  The  parasitology  and  bacteriology  of 
the  blood,  saliva,  feces,  urine,  and  vaginal  discharge  have  been  almost 
entirely  rewritten.  New  methods  of  chemical  examination  which 
have  appeared  since  the  publication  of  the  first  edition  have  been 
embodied  in  the  work,  and  some  of  the  older  and  complicated  ones 
omitted.  Throughout  the  text  numerous  additions  have  been  made, 
so  that  the  size  of  the  volume  has  been  increased  by  about  fifty 
pages.  The  examination  of  the  cerebro-spinal  fluid  and  its  clinical 
significance  have  been  carefully  considered.  Some  of  the  illustra- 
tions have  been  replaced  by  more  accurate  ones,  and  others  entirely 
new  have  been  added  where  they  appeared  to  be  of  value  to  the 
student. 

In  conclusion,  the  writer  wishes  to  thank  the  medical  profession 
for  the  kind  manner  in  which  the  first  edition  has  been  received. 

CHARLES  E.  SIMON. 

1302  Madison  Avenue, 

Baltimobe,  Md.,  1897. 
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PREFACE  TO  THE  FIRST  EDITION. 


It  is  curious  to  note  that,  notwithstanding  the  great  importance 
of  clinical  chemistry  and  microscopy,  but  little  attention  is  paid  to 
these  subjects,  either  by  hospital  physicians  or  by  those  engaged  in 
general  practice.  This  lack  of  interest  is  referable  primarily  to  the 
fact  that  a  systematic  study  of  these  branches  has  hitherto  been 
greatly  neglected,  not  only  in  American  medical  schools,  but  also  in 
those  of  Europe. 

It  is  no  rarity  to  hear  physicians  in  general  practice  claim  that 
they  are  too  busy  to  conduct  careful  examinations  of  the  urine, 
sputum,  blood,  gastric  juice,  etc.  Would  it  not  be  reasonable  to 
suppose,  however,  that  a  physician  who  is  overwhelmed  with  work 
to  such  an  extent  that  he  cannot  find  the  time  to  make  use  of  aids 
in  diagnosis  which  are  quite  as  important  as  the  stethoscope,  the 
laryngoscope,  or  the  ophthalmoscope,  would  be  in  a  position  to 
employ  an  assistant  in  his  laboratory  ?  The  younger  practitioner  is 
certainly  not  placed  in  such  a  dilemma,  and  it  is  a  fair  assumption 
that  he  could  successfully  compete  with  his  more  experienced  col- 
league, in  matters  of  diagnosis  at  least,  were  he  to  familiarize  himself 
suflSciently  with  laboratory  methods  of  diagnosis. 

The  time  is  at  hand  when  the  practice  of  medicine  is  becoming 
what  it  was  long  ago,  but  then  unjustly,  called,  a  true  science  and 
art.  No  continuing  success  can  be  built  on  empiricism  or  upon  the 
proportion  of  guesswork  which  is  inseparable  from  dependence  upon 
"  the  experienced  eye."  "  Diagnosis  "  is  now  the  password  in  med- 
ical science.  A  knowledge  of  electro-diagnosis,  of  ophthalmoscopy, 
of  laryngoscopy,  etc.,  is  at  the  present  day  a  sine  qua  non  for  accu- 
rate diagnosis.  Equally  important  at  all  times,  and  frequently  even 
more  important,  is  a  knowledge  of  clinical  chemistry  and  microscopy. 
It  is  inconceivable  that  a  physician  can  rationally  diagnosticate  and 
treat  diseases  of  the  stomach,  intestines,  kidneys,  and  liver,  etc., 
without  laboratory  facilities. 

It  has  been  the  author's  aim  to  present  to  students  and  physicians 
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those  facts  in  clinical  chemistry  and  microscopy  which  are  of  practi- 
cal importance.  With  the  hope  of  exciting  interest  in  these  unjustly 
neglected  subjects,  he  has  not  confined  himself  to  bare  statements  of 
facts,  which  must  in  themselves  be  dry  and  uninteresting,  but  he 
has  attempted  to  point  out  the  reasons  which  have  led  up  to  the  con- 
clusions reached. 

Chemical  and  microscopic  methods  are  described  in  detail,  so  that 
the  student  and  practitioner  who  has  not  had  special  training  in  such 
manipulations  will  be  enabled  to  obtain  satisfactory  results. 

The  subject-matter  covers  the  examination  of  the  blood,  the  secre- 
tions of  the  mouth,  the  gastric  juice,  feces,  nasal  secretion,  sputum, 
urine,  transudates,  exudates,  cystic  contents,  semen,  vaginal  dis- 
charges, and  milk.  In  every  case  a  description  of  normal  material 
precedes  the  pathologic  considerations,  which  latter  in  turn  are  fol- 
lowed by  an  account  of  the  methods  used  in  examination.  A  glance 
at  the  table  of  contents  will  furnish  an  idea  of  the  various  subjects 
considered  under  each  heading. 

It  was  not  deemed  advisable  to  burden  the  volume  with  a  com- 
plete enumeration  of  the  various  literary  sources  consulted  by  the 
author  in  its  preparation,  and  the  names  of  the  various  investigators 
mentioned  in  the  text  have  been  largely  introduced  as  a  matter  of 
historical  interest. 

In  conclusion  it  is  the  agreeable  duty  of  the  author  to  express  his 
sincerest  thanks  to  his  wife  for  assistance  without  which  this  volume 
could  not  have  been  written,  and  likewise  for  those  illustrations 
which  are  original ;  to  Dr.  William  H.  Welch  for  his  kindness  in 
placing  the  former  Hygienic  Laboratory  of  the  Johns  Hopkins 
Hospital  at  his  disposal  during  the  years  1892  and  1893;  to  Dr. 
W.  Milton  Lewis  for  much  valuable  aid  in  the  correction  of  the 
manuscript  and  proof-sheets  ;  and  to  Messrs.  Lea  Brothers  &  Co. 
for  the  typographical  excellence  of  the  work,  the  extremely  satisfac- 
tory reproduction  of  the  dramngs,  and  for  many  acts  of  courtesy. 

CHARLES  E.  SIMON. 

Baltimore,  Md.,  1896. 
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CLINICAL  DIAGNOSIS. 


CHAPTER   I. 

THE   BLOOD. 

GENERAL   CONSIDERATIONS. 

If  blo(xl  is  allowed  to  flow  directly  from  an  artery  into  a  vessel 
surrounded  by  a  freezing-mixture,  and  containing  one-seventh  of  its 
own  volume  of  a  saturated  solution  of  sodium  sulphate,  or  a  25-per- 
cent, solution  of  magnesium  sulphate  (one  volume  to  four  volumes  of 
blood),  it  will  be  observed  that  after  some  time  a  sediment,  present- 
ing the  ordinary  color  of  arterial  blood,  has  formed  at  the  bottom, 
which  is  covered  by  a  layer  of  clear,  straw-colored  fluid,  the  blood- 
plasma. 

Upon  microscopic  examination  the  sediment  will  be  seen  to  con- 
tain : 

a.  Numerous  homogeneous,  non-nucleated,  circular,  biconcave 
disks.  These  measure  on  an  average  7.5  //  in  diameter,  and  are  of  a 
faint  greenish-yellow  color  when  viewed  through  the  microscope, 
while  en  vkishc  they  present  the  color  of  arterial  blood  ;  the  erythro- 
cytes or  red  corpuscles  of  the  blood. 

b.  Roundish  or  irregularly  shaped  nucleated  cells  which  are  far 
less  numerous  than  the  red  corpuscles,  and  devoid  of  coloring-matter  ; 
the  leucocytes,  colorless  or  white  corpuscles  of  the  blood. 

c.  Minute  colorless  disks,  measuring  less  than  one-half  of  the 
diameter  of  a  red  corpuscle  ;  the  so-called  plaques,  or  blood-plates  of 
Bizzozero. 

GENERAL  CHARACTERISTICS   OF   THE  BLOOD. 

The  Color. 

Chemical  examination  of  the  blood  has  shown  that  its  color  is 
referable  to  the  presence  of  an  albuminous,  iron-containing  substance, 
haemoglobin,  in  the  bodies  of  the  red  corpuscles,  which  is  characterized 
by  its  great  avidity  for  oxygen,  and  forms  a  compound  therewith, 
known  as  oxyhseimoglobin.  The  relatively  larger  amount  of  the 
2  17 
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latter  encountered  in  the  arteries^  as  compared  with  the  veins,  causes 
the  difference  in  the  appearance  of  arterial  and  venous  blood,  the 
former  presenting  a  bright  scarlet-red,  the  latter  a  dark-bluish  color. 
A  bright  cherry-red  color  of  the  blood  is  noted  in  cases  of  poisoning 
with  carbon  monoxide,  while  a  brownish-red  or  chocolate  color  is 
observed  in  cases  of  poisoning  with  potassium  chlorate,  aniline,  hy- 
drocyanic acid,  and  nitrobenzol.  A  somewhat  milky  appearance  is 
frequently  seen  in  cases  of  well-marked  leukaemia,  and  I  recall  an 
instance  in  which  attention  was  first  directed  to  the  existence  of  this 
disease  by  the  peculiarly  milky  appearance  of  a  drop  of  blood 
obtained  for  the  purpose  of  a  haemoglobin  estimation.  In  chlorosis 
and  hydrsemic  conditions,  as  would  be  expected,  the  blood  looks  pale 
and  watery. 

The  Odor. 

The  peculiar  odor  of  the  blood,  which  differs  greatly  in  different 
animals,  the  halitus  sanguinis  of  the  ancients,  is  dependent  upon  the 
presence  of  certain  volatile,  fatty  acids,  and  may  be  rendered  more 
distinct  by  the  addition  of  concentrated  sulphuric  acid. 

The  Specific  Gravity. 

The  specific  gravity  of  the  blood  in  healthy  adults  varies  between 
1.058  and  1.062  being  higher  on  an  average  in  men,  1.059,  than  in 
women,  1.056,  and  children — boys  1.052,  girls  1.050.  It  is  dimin- 
ished to  a  certain  extent  by  fasting,  the  ingestion  of  solids  and  liquids, 
gentle  exercise,  pregnancy,  etc.  The  specific  gravity,  moreover,  de- 
pends ujwn  the  bloodvessel  from  which  the  specimen  is  taken,  being 
higher,  generally  speaking,  in  venous  than  in  arterial  blood. 

Under  pathologic  conditions  the  specific  gravity  may  vary  between 
1.025  and  1.068.  In  nephritis,  chlorosis,  the  anaemias  in  general, 
as  also  in  cachectic  conditions  (pulmonary  phthisis,  carcinoma  of  the 
stomach,  etc.),  it  may  diminish  to  1 .03 1 .  An  increased  specific  gravity 
is  met  with  in  febrile  diseases  (typhoid  fever,  1.057  to  1.063),  con- 
ditions associated  with  pronounced  cyanosis  (emphysema,  fatty  heart, 
uncompensated  valvular  disease,  1.054  to  1.068),  and  obstructive 
jaundice,  1.062. 

Methods  of  Determining  the  Specific  Gravity  of  the 

BlXX)D. 

Boy's  Method. — A  number  of  test-tubes  are  filled  with  a  mixture 
of  glycerine  and  water  in  diflTerent  proportions,  so  that  the  specific 
gravity  in  the  different  tubes  shall  vary  between  1.025  and  1.068. 
Blood  is  then  drawn  from  the  tip  of  a  finger,  or  the  lobe  of  the  ear, 
into  a  capillary  tube  connected  with  an  ordinary  hypodermic  syringe, 
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pressure  being  carefully  avoided,  A  drop  of  blood  is  placed  in  each 
tube,  in  which  it  will  sink  as  long  as  the  specific  gravity  of  the 
glycerine  mixture  is  lower  than  that  of  the  blood,  while  it  will  re- 
main suspended  in  a  mixture  the  specific  gravity  of  which  is  equiva- 
lent to  its  own. 

Roy  states  that  it  is  important  for  the  purpose  of  comparison  to 
make  such  examinations  in  every  case  at  the  same  hour,  as  the  spe- 
cific gravity  of  the  blood  has  been  shown  to  undergo  diurnal  varia- 
tions. 

Hammersclilag's  Method. — A  cylinder,  measuring  about  10  cm.  in 
height,  is  partly  filled  with  a  mixture  of  chloroform  (sp.  gr.  1.526) 
and  benzol  (sp.  gr.  0.889),  presenting  a  specific  gravity  of  1.050  to 
1.060.  Into  this  solution  a  drop  of  blood  is  allowed  to  fall  di- 
rectly from  the  finger,  pressure  being  avoided,  and  care  being  taken 
that  it  does  not  come  in  contact  with  the  walls  of  the  vessel.  The 
drop,  moreover,  should  not  be  too  large,  as  it  will  otherwise  separate 
into  several  droplets,  giving  rise  to  inaccurate  results.  Should  the 
drop  sink  to  the  bottom,  it  is  apparent  that  the  specific  gravity  of 
the  mixture  is  lower  than  that  of  the  blood,  necessitating  the  addi- 
tion of  more  chloroform.  This  should  be  added,  drop  by  drop, 
while  the  mixture  is  thoroughly  stirred.  If,  on  the  other  hand,  the 
drop  should  tend  toward  the  surface,  it  is  best  to  add  an  amount  of 
benzol  sufficient  to  cause  the  blood  to  sink  to  the  bottom,  and  then  to 
bring  it  to  the  proper  degree  of  suspension  by  the  subsequent  addi- 
tion of  chloroform.  As  soon  as  the  drop  remains  suspended  the 
mixture  is  filtered,  and  its  specific  gnivity  ascertained  by  means  of  an 
accurate  areometer,  registered  to  the  fourth  decimal.  The  figure  ob- 
tained will  express  the  specific  gravity  of  the  blood. 

The  chloroform-benzol  mixture  may  be  kept  indefinitely. 

With  a  little  practice,  results  sufficiently  accurate  for  clinical 
purposes  may  thus  be  obtained  with  an  expenditure  of  but  very  lit- 
tle time. 

Scliinaltz  and  Peiper's  Method. — Where  delicate  scales  are  avail- 
able the  method  of  Schmaltz  and  Pei[)er  may  be  employed,  and  is 
certainly  the  most  accurate:  A  capillary  tube,  measuring  about  12 
cm.  in  length  and  1.5  mm.  in  width,  with  its  ends  tapering  to  a 
diameter  of  0.75  mm.,  is  filled  w4th  blood  and  carefully  weighed, 
when  the  weight  of  the  blood,  divided  by  the  weight  of  an  equivalent 
vohime  of  distilled  water,  will  indicate  the  specific  gravity. 

As  the  result  of  numerous  investigations  it  may  now  be  regarded 
as  an  established  fact  that  with  the  exception  of  nephritis,  circulatory 
disturbances,  leukaemia,  and  possibly  also  post-hemorrhagic  anaemia 
and  that  resulting  from  inanition,  the  specific  gravity  of  the  blood 
varies  directly  with  the  amount  of  hsemoglobin.  A  simple  method  is 
thus  given  by  means  of  which  haemoglobin  estimations  can  usually  be 
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made  in  the  absence  of  more  expensive  instruments.  In  the  follow- 
ing tables  the  varying  degrees  of  specific  gravity,  as  obtained  with 
Hammerschlag's  method,  and  that  of  Schmaltz  and  Peiper,  are  given 
with  the  corresponding  amounts  of  haemoglobin.  The  figures,  how- 
ever, are  in  all  probability  not  quite  accurate : 


Specific  uravlty 
accordiDfT  to 

HeBmoglobin. 

Specific  ^vity 

according  to 

Schmaltz  and  Peiper. 

Ilsemoglobin 

Hammenichlag. 

1.033-1.035     . 

25-30 

[Kjr  ct. 

1.030     . 

.      20] 

ler  ct. 

1.035-1. o:i8    . 

30-35 

1.035     . 

.     30 

1.038-1.040    . 

.     35-40 

1.038     . 

.     35 

1.040-1.045     . 

.     40-45 

1.041     . 

.     40 

1.045-1.048     . 

45-55 

1.0425  . 

.     45 

1.048-1.050    . 

.     55-65 

1.0455  . 

.     50 

1.050-1.053     . 

.     65-70 

1.048     . 

.     55 

1.053-1.055     . 

.     70-75 

1.049    . 

.     60 

1.055-1.057     . 

75-85 

1.051     . 

.     65 

1.057-1.060    . 

.     85-95 

1.052    . 

.     70 

1.0535  . 

.     75 

1.056    . 

.     80 

1.0575  . 

.     90 

1.059     . 

.  100 

Direct  Estimation  of  the  Solids  of  the  Blood. 

A  few  drops  of  blood  (0.2  to  0.3  gramme),  obtained  by  means  of 
a  fairly  deep  incision,  or  puncture,  into  the  tip  of  a  finger,  moderate 
pressure  being  made  upon  the  middle  phalanx,  if  necessary,  are  col- 
lected in  a  watch-crystal.  This  is  at  once  covered  with  its  fellow 
and  weighed.  The  specimen  (open)  is  then  dried  at  a  temperature 
of  from  60°  to  70°  C.  for  twenty-four  hours,  and  again  weighed,  the 
weight  of  the  solids  being  thus  ascertained. 

In  healthy  adults  the  following  values  were  obtained  by  Stintzing 
and  Gumprecht : 

Average  water. 

78.4  per  cent. 
80.2       " 

In  conditions  associated  with  chronic  anaemia  the  solids,  as  would 
be  expected,  are  always  much  diminished.  In  leukaemia,  on  the 
other  hand,  owing  to  the  large  number  of  leucocytes  present,  a  rela- 
tive increase  is  observed. 


Average. 

Maximum. 

Minimum. 

In  men 

.     21.6 

23.1 

19.6 

In  women 

.     19.8 

21.5 

18.4 

The  Reaction. 

The  reaction  of  the  blood  during  life,  owing  to  the  presence  of 
disodium  phosphate  and  sodium  carbonate,  is  alkaline,  the  degree  of 
alkalinity  in  terms  of  sodium  hydrate  under  normal  conditions  corre- 
sponding to  182  to  218  mgrms.  for  every  100  c.c.  of  blood,  v. 
Jaksch  gives  260  to  300  mgrms.  as  the  normal,  and  Canard  203  to 
276  mgrms. 
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The  alkaline  reaction  of  the  blood  may  be  demonstrated  by  re- 
peatedly drawing  a  strip  of  red  litmus-paper,  thoroughly  moist- 
ened ^vith  a  concentrated  solution  of  common  salt,  through  the 
blood,  and  rapidly  washing  off  the  corpuscles  with  the  same  solu- 
tion, when,  as  a  general  rule,  the  alkaline  reaction  can  be  clearly 
made  out. 

Small  plates  of  plaster-of-Paris  or  clay,  stained  with  neutral 
litmus-solution,  may  be  similarly  employed,  the  blood  in  this  case 
being  washed  off  with  water. 

Generally  speaking,  the  alkalinity  of  the  blood  is  lower  in  women 
and  children  than  in  men,  and  is,  furthermore,  influenced  by  the 
process  of  digestion,  exercise,  etc.  At  the  beginning  of  digestion, 
when  hydrochloric  acid  is  being  secreted  in  large  amounts,  the 
alkalinity  of  the  blood  increases,  while  later  on,  when  both  hy- 
drochloric acid  and  peptones  are  reabsorbed,  the  alkalinity  in  turn 
diminishes. 

A  decrease  is  observed  following  violent  muscular  exercise,  such 
as  forced  marches  in  the  case  of  soldiers,  owing,  in  all  probability  to 
an  excessive  production  of  acids  in  the  muscles. 

Under  pathologic  conditions  a  diminished  alkalinity  of  the  blood 
is  frequently  observed.  This  is  particularly  marked  in  cases  of  se- 
vere ansemia  (108  to  145  mgrms.  of  NaOH),  and  increases  as  the 
number  of  red  corpuscles  and  the  amount  of  haemoglobin  diminish. 
In  chlorosis,  however,  the  diminution  in  the  number  of  red  corpus- 
cles is  accompanied  by  a  normal,  or  but  slightly  diminished  alkalin- 
ity of  the  blood  as  a  whole.  In  leukaemia,  pernicious  anaemia,  ne- 
phritis, when  accompanied  by  uraemia,  various  hepatic  diseases, 
diabetes,  carcinoma,  the  various  profound  cachexiae,  pseudo-leukaemia, 
poisoning  ^vith  carbon  monoxide,  and  acids,  and  finally  in  high  fever, 
as  in  typhoid  fever,  and  toxic  processes  in  general,  the  alkalinity  of 
the  blood  is  diminished,  the  lowest  value  found  corresponding  to  108 
mgrms.  of  NaOH.  A  similar  decrease  follows  the  prolonged  use  of 
acids,  while  an  increase  is  brought  about  by  the  ingestion  of  alkalies. 
An  increase  in  the  alkalinity  of  the  blood  occurs  after  a  cold  bath, 
and  it  is  interesting  to  note  that  this  is  apparently  associated  with  an 
increase  in  the  bactericidal  power  of  the  blood.  Possibly  the  bene- 
ficial effect  of  the  cold  baths  in  fever  may  be  explained  ujx)u  this 
basis.  The  supposition  that  in  gout  a  diminished  alkalinity  exists 
between  the  attacks,  and  that  this  increases  beyond  the  normal  dur- 
ing the  attack,  has  been  proven  incorrect. 

V.  Jaksch  employs  the  following  method,  a  modification  of  that 
originally  devised  by  Landois :  Eighteen  watch-crystals  are  pre- 
pared, each  containing  a  mixture  of  a  concentrated  solution  of  so- 
dium sulphate  and  a  y^^  and  a  y^^^  normal  solution  of  tartaric 
acid,  in  varying  proportions,  so  that  crystal 
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No.  C.c.  C.c. 

I.  Shall  contain  0.9  of  the  ^  norm.  sol.  of  the  acid,  and  0.1  of  the  cone.  Na2S04  sol. 

TT                   (i  it  /\    Q  t<  tt  tl                         tt                           <<  "09  "                       '*                              *'                       " 

TTT                   (I  (I  r^    J  (I  it  it                         it                           ii  "          0    ^  "                       "                              "                       ** 

T-«T                   it  tt  f\    R  "  "  "                         "                            "  "          0    4  "                       "                              **                        " 

V*.       "  ••  0.5  *•  •'  '•          •*           ••  **    0.5  •' 

-vrr            it  tt  r^   A  it  tt  tt                tt                  it  "       0  fS  "              "                   "               *' 

-vrrj            tt  tt  (\  'K  "  "  *'                "                 "  "07  *'              "                   "               " 

VIII.       ••  "  0.2  •'  "  *•          '•           *•  •'    0.8  " 

IX.       "  "  0.1  "  "  •'          "           **  •'    0.9  " 

tt  tt  A  n  <<  1  **              *<                <<  <'      A  1  <<             •<                 tt             44 


X.      ••  ••       0.9      "     ,A 

ITT  'it  »t  A    O  <<  »» 


0.1 


XI.    '••  "       0.8      "        "       "  *•  '•  •'    0.2     " 

etc.,  for  every  c.c.  of  the  mixture. 

Blood  is  taken,  preferably  from  the  back,  by  means  of  cupping- 
glasses,  and,  before  it  coagulates,  0.1  c.c.  is  added  to  every  c.c.  of 
the  mixture  described,  when  the  reaction  is  determined  in  every 
crystal  by  means  of  very  sensitive  litmus-paper.  The  amount  of 
acid  contained  in  the  specimen  exhibiting  a  neutral  reaction  in  terms 
of  NaOH  will  then  indicate  the  degree  of  alkalinity  of  the  blood. 

As  150  (molecular  weight)  parts  by  weight  of  tartaric  acid 
(C^H^Og)  combine  with  80  (molecular  weight)  parts  by  weight  of 
NaOH,  or  75  with  40,  according  to  the  equation  : 

COOH  COONa 

C,H,(OH),<  +  2NaOH  =  C,H,(OH),<  +  2H,0 

COOH  COONa 

a  normal  solution  would  contain  75  grammes  of  pure  tartaric  acid  to 
the  litre  and  a  ^^^  and  a  ^^Vtf  "^^^^1  solution,  respectively,  0.75 
and  0.075  gramme.  As  1,000  c.c.  of  a  ^^^  normal  solution  would 
correspond  to  0.4  gramme  of  NaOH,  and  1,000  c.c.  of  a  W^^j^  normal 
solution  to  0.04  gramme,  1  c.c.  of  the  y^^  normal  solution  will 
represent  0.0004,  and  1  c.c.  of  the  y^yV^r  ^^^rmal  solution  0.00004 
gramme  of  NaOH. 

Supposing,  then,  that  a  neutral  reaction  was  obtained  in  the  crystal 
containing  0.6  c.c.  of  the  ^^^  normal  solution,  the  alkalinity  of  the 
0.1  c.c.  of  blood  in  terms  of  XaOH  would  con-espond  to  0.00024 
gramme  of  NaOH,  or  0.24  gramme  for  100  c.c.  of  blood. 

As  the  alkalinity  of  the  blood  rapidly  diminishes  after  being 
drawn,  owing,  in  all  probability,  to  the  formation  of  an  acid  caused 
by  the  decomposition  of  the  haemoglobin,  it  is  apparent  that  the  ex- 
periment must  be  performed  as  rapidly  as  possible,  and  not  more 
than  one  minute  and  a  half  should  elapse  between  the  taking  of  the 
blood  and  the  conclusion  of  the  exjieriment. 

This  method  has  hitherto  been  the  onlv  one  which  was  available 
for  clinical  purposes,  and  the  results  detailed  above  have  been 
obtained  by  its  aid.  It  is  open  to  numerous  objections,  however, 
and  still  too  complicated  for  routine  work.  Of  late  a  new  method, 
suggested  by  Lowy,  has  attracted  much  attention,  and,  to  judge  from 
the  literature  before  us,  is  destined  soon  to  replace  the  one  described. 
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It  is  both  simpler  and  more  accurate.  The  results,  however,  differ 
considerably  from  those  given  above,  and  a  careful  revision  of  all  the 
work  thus  far  accomplished  with  the  old  method  will  be  necessary 
before  definite  conclusions  can  be  reached.  For  the  convenience  of 
future  investigators  a  table  is  here  appended  containing  some  of  the 
results  which  have  already  been  obtained  in  some  of  the  more  im- 
portant diseases.  In  healthy  adults,  while  fasting,  the  alkalinity  of 
the  blood,  according  to  Lowy,  corresponds  to  about  300  to  325  mgrms. 
of  sodium  hydrate  for  everj'  100  c.c.  of  blood.  Variations,  amount- 
ing to  75  mgrms.,  plus  or  minus,  are,  however,  not  uncommon,  and, 
according  to  Strauss,  the  unavoidable  errors  may  correspond  to  30 
mgrms. 


i» . 


Carcinoma  oesophagi 227-643 

Carcinoma  ventriculi 266-63«5 

Ulcus  ventricali 302-460 

Anadenj  of  the  stomach 354-360 

Alcoholic  gastritis 343-379 

Chronic  enteritis 212-272 

Phthisis  palmonalis 450-468 

Bronchitis 239-343 

Neurasthenia 225-426 

Arterio-sclerosis 208-344 

Chronic  arthritis 368-465 

Erysipelas 498 

Typhoid  fever 270-640 

Pneumonia 263-464 

Septicaemia 443 

Leukaemia 368-835 

Pernicious  anaemia 429 

Diabetes  mellitus   . 362-457 

Chronic  interstitial  nephritis 310-409 

Chronic  parenchymatous  nephritis  ....  312-490 

Cirrhosis  of  the  liver 272-345 

Lowy's  Method. — Five  c.c.  of  blood,  obtained  from  one  of  the 
superficial  veins  of  the  arm  (preferably  the  median  cephalic),  are 
allowed  to  flow  into  a  small  flask  provided  with  a  long  and  partially 
graduated  neck  and  containing  45  c.c.  of  a  0.25-per-cent.  solution 
of  ammonium  oxalate.  Coagulation  is  thus  prevented  and  the  blood 
made  lake-colored — L  e.,  the  haemoglobin  is  dissolved  from  the 
stroma  of  the  red  corpuscles.  The  mixture  is  then  titrated  ^vith  a 
^^  normal  solution  of  tartaric  acid  using  lacmoid  paper,  soaked  in  a 
concentrated  solution  of  magnesium  sulphate,  as  an  indicator.  The 
lacmoid  paper  is  prepared  as  follows  : 

A  mixture  of  100  grammes  of  resorcin,  5  grammes  of  sodium 
nitrite,  and  5  c.c.  of  distilled  water  is  heated  on  an  oil  bath  to  a 
temperature  of  110°  C  A  violent  reaction  occurs  at  this  point,  and 
the  flame  should  be  removed  before  it  is  reached.  The  substance 
is  then  heated  to  a  temperature  of  115^-120°  C,  until  all  the  am- 
monia which  is  evolved  during  the  process  has  been  driven  oflf.    The 
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residue,  which  should  be  of  a  pure  bhie  color,  is  dissolved  in  water 
and  precipitated  with  hydrochloric  acid.  On  cooling,  the  coloring- 
matter  is  filtered  off  with  the  aid  of  a  suction-pump,  and  washed 
with  a  little  water.  It  is  then  dissolved  in  absolute  alcohol,  filtered, 
and  the  solution  allowed  to  evaporate  in  an  atmosphere  free  from 
ammonia.  One  gramme  of  the  pigment,  which  crystallizes  out  in 
reddish-brown,  glistening  platelets,  is  dissolved  in  1,000  c.c.  of  45- 
per-cent.  alcohol,  when  strips  of  fine  Swedish  filter-paper  are  soaked 
in  the  solution  and  allowed  to  dry. 

As  a  normal  solution  of  tartaric  acid  contains  75  grammes  to  the 
litre  (see  page  22),  a  -^^  normal  solution  will  contain  3  grammes, 
and  1  c.c.  of  the  J^  normal  solution  will  correspond  to  0.0016 
gramme  of  sodium  nydrate. 

Supposing,  then,  that  10  c.c.  of  the  ^^  normal  solution  were 
necessary  to  neutralize  the  5  c.c.  of  blood,  the  alkalinity  of  these  5 
c.c.  in  terms  of  sodium  hydrate  would  correspond  to  0.016  gramme, 
and  the  alkalinity  of  100  c.c.  of  blood  to  0.01 6  x  20  =  0.320  gramme 
— /.  e.,  to  320  mgrms. 


CHESIICAL   EXAMINATION   OF   THE   BLOOD. 

Gkneral  Chemistry  of  the  Blood. 

A  general  idea  of  the  chemical  composition  of  the  blood  may  be 
formed  from  the  accompanying  table  of  C.  Schmidt,  calculated  for 
1000  parts: 

Corpuscles    .... 

Water   .... 

Iltemoglobin  and  globulins 

Mineral  salts 
Plasma  .... 

Water   .... 

Fibrin   .... 

Albumins  and  extractives 

Mineral  salts 


Man. 

Woman. 

513.0' 

369.2 

341).  7 

272.6 

159.6 

120.1 

.3.7 

3.55 

486.9 

603.8 

439.0 

552.0 

3.9 

1.91 

39.9 

44.79 

4.14 

5.07 

If  blood  is  allowed  to  flow  into  a  vessel  and  set  aside,  it  will  be 
observed  that  at  the  expiration  of  a  few  minutes  the  entire  mass  has 
become  transformed  into  a  serai-solid,  gelatinous  material,  which  is 
spoken  of  as  the  blood-clot  or  the  placenta  sanguinis.  Still  later  it 
will  be  seen  that  a  small  amount  of  straw-colored  fluid  has  appeared 
on  top  of  the  clot,  which  gradually  increases  in  amount,  while  the 
clot  itself  undergoes  shrinkage,  until  finally  it  floats,  greatly  dimin- 
ished in  size,  in  the  surrounding  fluid.  The  straw-colored  fluid 
which  has  thus  been  obtained  during  the  process  of  coagulation  is 
spoken  of  as  the  blood-serum. 

*Thi8  figure  is  too  high  ;  in  man  it  varies  between  420  and  470  for  1,000  parts  of 
blood. 
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If  a  bit  of  the  clot  is  examined  microscopically  it  will  be  seen  to 
consist  of  a  more  or  less  dense  network  of  fibres,  the  meshes  of  which 
are  filled  with  blood-corpuscles,  which  may  be  washed  out,  leaving 
the  fibrous  network,  fibrin  behind. 

Chemically  speaking,  fibrin  belongs  to  the  class  of  the  so-called 
coagulated  albumins,  and  probably  does  not  occur  in  the  circulating 
blood,  but  is  formed  only  during  the  process  of  coagulation. 

The  albumins  which  are  found  in  the  plasma  are  fibrinogen,  serum- 
globulin,  and  serum-albumin,  but  while  the  last  two  are  likewise 
encountered  in  the  serum,  the  fibrinogen  has  disappeared,  and  traces 
of  a  new  albuminous  body,  fibrino-globulin,  are  found.  There  ap- 
pears to  be  no  doubt  that  fibrin  results  from  the  fibrinogen  by  a  proc- 
ess of  dissociation,  and  that  the  traces  of  fibrino-globulin  are  formed 
at  that  time.  Modem  research,  furthermore,  has  shown  that  the 
transformation  of  fibrinogen  into  fibrin  is  dependent  upon  the  action 
of  a  special  ferment,  the  fibrin-ferment,  which  is  derived  in  all 
probability  from  the  leucocytes  of  the  blood,  by  a  process  of  plasmo- 
schisis.  The  presence  of  serum-globulin  apparently  hastens  coagu- 
lation in  an  indirect  manner,  as  is  done  by  calcium  chloride  and  the 
calcium  salts  in  general. 

Under  normal  conditions  blood  clots  in  from  two  to  six  minutes 
after  being  shed,  while  in  disease,  notably  in  hsemophilia,  coagulation 
may  be  greatly  retarded  or  does  not  occur  at  all,  so  that  fatal  hemor- 
rhs^  may  follow  the  infliction  of  trifling  wounds.  Whether  or  not 
this  condition  is  referable  to  certain  abnormalities  in  the  chemical 
composition  of  the  blood  is  as  yet  undetermined. 

A  tendency  to  hemorrhage  is  also  observed  in  scurvy,  purpura,  in 
some  infectious  diseases,  such  as  typhoid  fever,  yellow  fever,  in 
poisoning  with  phosphorus,  etc.  Sicard  has  recently  pointed  out 
that  in  purpura,  primary  coagulation  occurs  as  with  normal  blood, 
but  that  subsequent  retraction  of  the  clot  and  exudation  of  serum  only 
takes  place  to  a  very  limited  extent.  Normal  sera,  when  added  to 
such  fluids,  as  hydrocele  fluid,  which  are  not  spontaneously  coagulable, 
in  the  proportion  of  1  :  80,  induce  coagulation  in  from  four  to  six 
hours.  The  serum  of  purpuric  patients,  on  the  other  hand,  is  either 
entirely  devoid  of  this  property,  or  possesses  it  only  to  a  very  slight 
degree.  The  addition  of  a  trace  of  calcium  chloride,  however,  causes 
such  serum  to  behave  very  much  like  normal  serum.  Sicard  hence 
suggests  that  in  certain  cases  of  purpura  the  fibrin  ferment,  or  its  pro- 
enzyme is  not  present  in  sufficient  quantity  to  cause  more  tlian  a 
primary-  coagulation.  Subsequent  retraction,  however,  may  also  be 
due  to  the  action  of  another  variety  of  fibrin  the  zymogen  of  which 
is  absent  in  purpura. 

Since  the  formation  of  fibrin  begins  as  soon  as  the  blood  has  left 
its  natural  channels,  it  is  apparent  that  absolutely  accurate  analyses 
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of  blood-plasma  can  hardly  be  expected.  The  appended  analyses  of 
the  plasma  of  the  horse's  blood  are  taken  from  Hoppe-Seyler  and 
Hammarsten,  the  figures  having  reference  to  1 000  parts : 

Water 908.4  917.6 

Solids 91.6  82.4 

Total  albumins 77.6  69.5 

Fibrin 10.1  6.5 

Globulin         38.4 

Serum-albnmin 26.4 

Fat 1.2 

Extractives    .         ...                           ...       4.0  i              loo 

Soluble  salts 6.4  ^              ^"'^ 

Insoluble  salts 1.7 

The  chief  points  of  difference  between  plasma  and  serum  are  the 
absence  of  fibrinogen  and  the  presence  of  traces  of  fibrino-globulin,  as 
well  as  of  large  quantities  of  fibrin-ferment,  in  the  latter. 

From  the  following  table  it  will  be  seen  that  a  marked  difference 
exists  in  the  nature  of  the  mineral  ingredients  between  serum  and 
the  red  corpuscles,  the  latter  being  relatively  rich  in  potassium  salts 
and  phosphorus,  and  poor  in  sodium  salts  and  chlorine. 

The  figures  have  reference  to  1,000  parts  of  blood  : 


Man. 

Woraan. 

Red 
corpuscles. 

Serum. 

Red 
corpuscles. 

Serum. 

K,0     . 

.      1.586 

0.153 

1.412 

0.200 

Na.0   . 

.     0.241 

1.661 

0.648 

1.916 

CaO     . 

MgO    . 
Fe,0,  . 
CI 

.*     0.898 

1.722 

0.362 

l".'44* 

PA    .      . 

.     0.695 

0.071 

0.643 

2.202 

It  is  noteworthy  that  the  amount  of  sodium  chloride  in  the  serum, 
6  to  7  p.  m.,  remains  fairly  constant,  no  matter  whether  large 
amounts  are  ingested  or  none  are  given  at  all.  It  is  quite 
probable  that  the  sodium  chloride  of  the  plasma  serves  tlie  pur- 
pose of  preventing  the  ha}moglobin  of  the  corpuscles  from  being 
dissolved  bv  the  water  of  the  blood.  The  term  "  isotonic ''  has 
been  applied  by  Hamburger  to  a  salt  solution  which  is  just  strong 
enough  to  prevent  the  solvent  action  of  the  water  upon  the  haemo- 
globin of  the  red  corpuscles.  In  the  cUvSc  of  the  serum,  however, 
we  meet  with  a  condition  of  hy[)erisotonia — /.  c,  an  amount  of  salt 
in  excess  of  that  actually  required  in  order  to  prevent  the  destruc- 
tion of  the  red  (corpuscles,  the  advantage  of  which  is,  of  course, 
apparent,  if  the  variations,  to  which  the  amount  of  water  in  the 
blood  is  subject,  are  borne  in  mind. 

In  addition  to  the  substances  mentioned,  the  following  are  also 
found  in  the  blood  : 
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Fat  occurs  in  amounts  varying  from  1  to  7  p.  m.  in  fasting 
animals^  while  following  the  ingestion  of  a  meal  rich  in  fats  as  much 
as  12.5  p.  m.  have  been  encountered. 

Soaps^  cholesterin,  and  lecithin  have  likewise  been  found. 

Sugar,  probably  glucose,  appears  to  form  a  normal  constituent  of 
the  plasma,  amounting  to  from  1  to  1.5  p.  m.  in  man.  While  it  is 
possible  to  increase  this  amount  to  a  certain  degree  by  the  ingestion 
of  large  quantities  of  sugar,  this  appears  in  the  urine,  according  to 
Claude  Bernard,  as  soon  as  3  p.  m.  has  been  exceeded.  In  addition 
to  glucose  another  reducing-substance  has  been  found  in  the  blood, 
which  differs  from  the  former  in  not  being  fermentable. 

Among  the  extractives  which  have  been  found  there  may  be 
mentioned  :  urea,  uric  acid,  kreatin,  carbamic  acid,  sarco-lactic  acid, 
glycogen,  and  hippuric  acid,  and  under  pathologic  conditions  xanthin, 
hypoxanthin,  paraxanthin,  adenin,  guanin,  leucin,  tyrosin,  lactic  acid, 
cellulose,  ^-oxybutyric  acid,  acetone,  and  biliary  constituents. 

It  has  been  pointed  out  that  the  color  of  the  blood  is  referable  to 
the  presence  of  hsemoglobin  in  the  red  corpuscles,  and  that  it  varies 
from  a  bright  scarlet-red  in  the  arteries  to  a  dark  bluish-red  in  the 
veins,  the  exact  shade  depending  upon  the  amount  of  oxygen  present 
in  combination  with  hsemoglobin  as  oxyhsemoglobin.  Upon  chemical 
examination  two  other  gases  may  be  demonstrated  under  physiologic 
conditions,  viz,  carbon  dioxide  and  nitrogen.  Of  these  the  latter 
appears  to  play  no  part  in  the  body-economy,  and  the  amount  present 
merely  corresponds  to  that  which  would  be  absorbed  by  an  equal 
volume  of  distilled  water,  viz,  1.8  vol.  p.  c,  calculated  at  0°  C.  and 
760  Hgmm.  pressure. 

The  amount  of  oxygen  and  carbon  dioxide,  on  the  other  hand, 
undergoes  considerable  variation,  depending  upon  the  particular 
bloodvessel  from  which  the  specimen  is  taken — L  e.,  whether  this  be 
an  artery  or  a  vein,  and,  furthermore,  upon  the  velocity  of  the  blood- 
current,  the  temperature  of  the  body,  rest,  exercise,  etc. 

The  relation  existing  between  the  amounts  of  these  gases  in  arteries 
and  veins  may  be  seen  from  the  following  table  : 

Arterial  blood.  Venous  blood. 

Oxygen        ....      21.6  per  cent.  6.8  per  cent. 

Carbon  dioxide   .         .         .      40.3       **  48.0       ** 

Nitrogen      ....        1.8       "  1.8       ** 

Oxygen,  as  already  pointed  out,  occurs  principally  in  chemical 
combination  with  haemoglobin  (oxy haemoglobin),  only  0.26  per  cent, 
being  present  in  solution  in  the  plasma. 

Of  the  carbon  dioxide  which  may  be  obtained  from  the  blood, 
only  one-tenth  is  held  in  solution,  while  the  remaining  portion  is 
found  in  the  red  corpuscles,  in  the  form  of  a  loose  compound  with 
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the  alkalies  of  the  corpuscles,  and  possibly  also  in  combination  with 
hsemoglobin.  This  portion  amounts  to  about  one-third  of  the  total 
quantity,  while  the  remaining  two-thirds  are  probably  held  in  chem- 
ical combination  by  the  alkalies  of  the  plasma  and  certain  albuminous 
bodies. 

Blood-pigments. 

Hsemoglobin. — Haemoglobin  as  such  is  only  found  in  relatively 
small  amounts  in  the  circulating  blood,  occurring  essentially  in  com- 
bination with  oxygen  as  oxyhaemoglobin,  which  predominates  in 
arterial  blood,  while  a  mixture  of  oxyhaemoglobin  and  hsemoglobin 
is  met  with  in  venous  blood,  and  hsemoglobin  is  present  almost  ex- 
clusively in  the  blood  of  asphyxia. 

The  spectrum  of  hcemoglobin,  in  suitable  dilution,  shows  a  single 
band  of  absorption  between  D  and  JE,  which,  however,  does  not  lie 
midway  between  these  lines,  but  extends  slightly  beyond  D  to  the 
left  (Fig.  1).  The  substance  is  characterized  by  the  ease  with  which 
it  forms  compounds  with  certain  gases,  and  notably  so  with  oxygen. 
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Spectrum  of  reduced  hsemoglobin.     (v.  Jaksch.) 

As  has  been  stated  above,  carbon  dioxide,  to  a  certain  extent  at 
least,  also  occurs  in  combination  with  heeraoglobin.  In  cases  of 
poisoning  compounds  of  haemoglobin  with  carbon  monoxide,  with 
nitric  oxide,  and  possibly  also  with  sulphuretted  hydrogen,  cyanogen, 
and  acetylene  have  been  observed. 

Oxyhaemoglobin. — Oxyhaemoglobin  is  the  most  important  con- 
stituent of  the  blood.  In  sufficiently  dilute  solution  it  shows  two 
bands  of  absorption  between  D  and  E ;  one  band,  a,  which  is  not 
so  wide  as  the  second,  /9,  but  darker  and  more  sharply  defined,  bor- 
ders on  D,  while  the  second,  which  is  wider,  but  less  sharply  defined, 
lies  at  E  (Fig.  2).  This  spectrum  can  be  readily  transformed  into 
that  of  haemoglobin  by  the  addition  of  a  reducing  agent,  such  as  an 
ammoniacal  solution  of  ferrous  tartrate  (Stokes'  fluid),  ammonium 
sulphide,  or  cuprous  salts. 

Under  normal  conditions  the  amount  of  oxyhaemoglobin  is  fairly 
constant,  but  varies  somewhat  in  different  countries,  in  accordance 
with  the  habits  of  the  people.     As  a  result  of  sixty-one  estimations 
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Leichtenstern  found  14.16  per  cent,  as  the  average  in  healthy  men, 
13.10  per  cent,  in  women,  and  in  old  age  alxmt  95  to  115  per  cent, 
of  the  normal.  Among  the  inhabitants  of  the  large  cities  of  our 
country  such  excellent  results  are  only  exceptionally  obtained,  and, 
in  my  experience  it  is  rare  to  find  more  than  13.01  per  cent.  As  a 
general  rule  amounts  varying  between  10.9G  and  12.33  }>er  cent,  are 
observed.  This  difference  is  undoubtedly  owing  to  the  fact  that  the 
average  German  spends  very  much  more  of  his  time  outside  the  city- 
limits  than  the  average  American.  Larger  amounts  are  thus  also 
found  among  the  French  and  the  English. 

While  the  ingestion  of  large  amounts  of  water  does  not  call  forth 
a  dilution  of  the  blood  and  a  diminution  in  the  amount  of  oxyhse- 
moglobin,  an  increase  occurs  upon  the  withdrawal  of  liquids.  Fat 
persons  show  a  smaller  amount  of  oxyhaemoglobin  than  corresponds 
to  their  age. 

A  great  diminution  in  the  amount  of  oxyhajmoglobin  may  l>e 
encountered  under  pathologic  conditions,  and  especially  in  chlorosis, 
while  a  relative  increase  is  not  infrequently  met  with  in  diabetes 
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mellitus,  owing  to  the  excretion  of  abnormally  large  (luantities  of 
water.  In  nephritis  with  pronounced  oedema  it  falls  considerably 
below  the  normal. 

In  a  series  of  observations  (Quincke  found  the  following  amounts 
in  the  diseases  indicated  : 

Angina  pectoris 

Cerebral  apoplex, 

Scorvy 

Hepatic  cirrhosis 

Chloroeis 

Splenic  leukipmia 

Nephritis 

Diabetes 

Tjphoid  fever 

Kecurrens    . 

Meningitis  . 

Pysmia 

Phosphorus-poisoning 

*  See  estimation  of  hsmo'^lobin  with  Fleischl's  hsemometer,  p.  82. 
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In  an  analysis  of  63  cases  of  chlorosis,  observed  at  the  Johns 
Hopkins  Hospital,  an  average  amount  of  5.68  per  cent.  (42.3, 
Fleischl),  with  a  minimum  of  2.35  per  cent.  (17.5),  was  observed. 
Similar  results  were  obtained  by  the  writer  in  an  analysis  of  31 
cases.  The  average  amount  was  6.46  per  cent.  (42.8,  Fleischl), 
and  the  lowest  2.46  per  cent.  (18,  Fleischl).  Chlorosis  thus  occu- 
pies the  foremost  position  among  the  various  pathologic  cx)nditions 
associated  with  oligochromsemia. 

Very  low  figures  are  also  seen  in  cases  of  pernicious  anaemia  and 
leukaemia,  where  2.68  per  cent.  (20,  Fleischl)  and  4.36  per  cent 
(32.5),  respectively,  have  been  obtained. 

While  in  typhoid  fever  the  amount  of  oxyhcemoglobin  is  always 
reduced,  according  to  Osier,  and  usually  in  a  greater  relative  pro- 
portion than  the  number  of  the  red  corpuscles,  the  most  severe 
grades  of  anaemia  may  here  be  encoimtered  during  convalescence, 
when  the  amount  of  oxyhaemoglobin  may  fall  as  low  as  2.68  per 
cent.  (20,  Fleischl). 

In  the  early  stages  of  carcinoma  of  the  stomach  the  cachexia  is 
not  well  pronounced,  and  Schiile  states  that  in  his  analysis  of  198 
-cases  it  only  occurred  in  30  per  cent.  This  agrees  entirely  with 
my  experience,  and  I  have  repeatedly  found  amounts  of  haemoglobin 
exceeding  60  per  cent.  Later  in  the  disease  a  most  pronounced 
oligochromaemia  is,  however,  invariably  encountered.  At  this  place 
I  wish  to  insist  upon  the  importance  of  systematically  repeated  ex- 
aminations of  the  blood  in  all  cases  of  suspected  carcinoma  of  the 
stomach.  A  steady  decline  from  week  to  week,  when  taken  in  con- 
junction with  other  symptoms,  and  occurring  in  patients  who  have 
passed  the  fourth  decade,  is  certainly  very  suspicious. 

A  notable  diminution  in  the  amount  of  haemoglobin  is  further 
observed  in  tuberculosis,  syphilis,  chronic  lead  and  mercurial  poison- 
ing, chronic  nephritis,  chronic  enteritis,  etc. 

As  the  oxyhaemoglobin  is  contained  in  the  bodies  of  the  red  cor- 
puscles, it  might  be  inferred  that  the  amount  of  haemoglobin  will 
directly  depend  upon  the  number  of  the  corpuscles,  so  that  the  degree 
of  an  anaemia  could  be  determined  by  an  enumeration  of  the  red  cor- 
puscles as  well  as  by  a  direct  estimation  of  the  amount  of  oxyhaemo- 
globin. 

While  this  rule  generally  holds  good,  there  are  numerous  excep- 
tions which  go  to  show  that  a  diminution  in  the  amount  of  oxyhae- 
moglobin, viz,  an  olif/ochromannidy  is  not  necessarily  accompanied  by 
a  corresponding  diminution  in  the  numl>er  of  the  red  a>rpuscles — 
?.  <•.,  an  olif/ocyfhcvmia.  In  chlorosis,  for  example,  the  red  corpuscles 
may  be  present  in  normal  numbers,  while  the  amount  of  oxyhaemo- 
globin is  greatly  diminished.  Here,  it  is  true,  a  well-defined  oligo- 
cytluemia  simultaneously  occurs  in  all   severe  exises,  but  even  then 
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the  oligocbromsemia  exceeds  the  oligocythaemia.  Conversely,  in 
pernicious  ansemia  the  oligocythaemia,  while  accompanied  by  an 
oligochromsemia,  quite  constantly  exceeds  the  latter. 

It  is  thus  clear  that  definite  inferences  regarding  the  amount  of 
haemoglobin  cannot  be  drawn  from  an  enumeration  of  the  red  cor- 
puscles, and  vice  versa. 

While  it  is  generally  possible  to  form  a  fairly  clear  idea  of  the 
degree  of  ansemia  by  inspection — /.  e.,  by  noting  the  "  color "  of 
the  patient — it  is  a  well-known  fact  that  not  every  pale  face  denotes 
an  ansemic  condition.  Whenever  special  accuracy  in  examination  or 
results  for  comparison  are  desired,  recourse  should  hence  be  had  to 
instruments  especially  devised  for  the  purpose  of  determining  the 
amount  of  hsemoglobin,  known  as  hsemoglobinometers  or  hsemom- 
eters. 

Among  these  instruments  that  devised  by  Fleischl  is  undoubtedly 
the  most  convenient  and  has  largely  replaced  the  older  forms  of 
Gowers,  Malassez,  and  Hayem. 

Estimation  of  HiaBinoglobixi  with  Fleischl's  HsBmometer. — The  princi- 
ple of  the  method  depends  upon  the  comparison  of  the  color  of  the 
blood,  diluted  with  water,  with  that  of  a  glass  wedge,  stained  with 
the  golden  purple  of  Cassius  or  a  similar  pigment. 

The  instrument  (Fig.  3)  essentially  consists  of  the  glass  wedge,  a, 
just  mentioned,  to  which  a  scale,  6,  is  attached,  ranging  from  0  to 
120,  0  being  placed  at  the  thinnest,  120  at  the  thickest  portion  of 
the  wedge.  By  means  of  a  rack  and  pinion  this  can  be  made  to  slide 
from  side  to  side  beneath  a  platform  corresponding  to  the  stage  of 
the  microscope.  In  the  center  of  the  platfomi  there  is  a  circular 
opening  into  which  artificial  light  (daylight  is  not  permissible)  is 
projected  from  a  circular  plate  of  plaster-of-Paris,  mounted  beneath, 
in  the  position  of  the  mirror  of  the  microscope.  Into  the  circular 
opening  a  metallic  tube,  1 .5  cm.  in  height,  closed  at  the  bottom  with 
a  plate  of  glass,  and  divided  into  two  equal  compartments  by  a 
metal  partition,  is  fixed.  One  compartment  receives  the  light 
through  the  glass  wedge,  the  red  chamber,  the  other  directly  from 
the  plaster-of-Paris  reflector,  the  white  chamber. 

Capillary  pipettes  accompany  the  instrument  and  are  of  such  a 
capacity  that,  if  the  blood  of  a  perfectly  normal  individual  is  used, 
the  mixture  of  blood  and  water,  placed  in  the  compartment  receiving 
light  directly  from  the  white  plate,  shall  correspond  in  color  to  that 
derived  from  the  colored  wedge  at  the  mark  100.  The  two  com- 
partments are  partially  filled  with  water,  when  the  required  amount 
of  blood  is  obtained  by  placing  one  end  of  a  capillary  pipette  in 
contact  with  a  drop  of  blood  obtained  from  the  tip  of  a  finger  that 
has  been  carefully  cleansed  with  water,  alcohol,  and  finally  with 
ether.     The  pipette  is  immersed  in  the  white  chamber  and  rotated 
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between  two  fingers,  when  the  wattr  will  i]issolvc  the  htrmoglt^in 
from  the  corpuscles.  Any  trac«  of  blood  remaining  tu  the  pijiette  i| 
carefully  washed  out  with  water,  nu  ordinurv  medicine-dropper  Im»i>j 
used  for  the  purpose.  By  meuns  of  the  dropper  the  two  compart 
meiits  are  then  completely  tilled  with  water  until  a  convex  nienisc 
is  obtained  over  the  two  chambers.  A  slip  of  paper  is  placed  ovi 
the  visible  portion  of  the  scale  on  the  supface  of  the  platfot 
diately  behind  the  well,  i;  and  rhe  gliiss  wedge  so  adjusted  by  i 
of  the  Bcrew  that  the  color  in  the  two  chambers  shall  be  the  samtJ 


forni- 
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The  number  facing  tlie  notch  in  the  scale-aporture  iif  the  jilatft 
will  then  indicate  the  |)erccnttige  of  hiemoglnbin,  that  of  a  heoll 
individual  corresponding  to  100. 

As  the  normal  amount  of  hcemoglobin  in  100  grammes  of  bl 
is  a  little  lees  than  14  gninimes,  the  number  100  on  the  scale  of 
Fleischl's  instruBient  airresponding  to  Ki.7  per  cent.,  the  percentage 
in  a  given  specimen  may  be  calculated  according  to  the  equation  : 
iOO  :  Vi.l  : :  p  ;  X,  and  x  =  0,137  p,  where  p  represents  the  reading 
on  the  scale  and  x  the  corresponding  amount  of  litemoglobin  in  IOO 
gramme»  of  blood. 
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Accordiog  to  Dehio,  certain  errors  are  incurred  ifl  the  estimation 
h«iiK^lobin  by  means  of  Fleischl's  heeinoniet«r,  which  become  the 
■re  marked  the  smaller  the  percentage.  These  may  be  obviated, 
ffever,  and  accurate  results  obtained,  as  ftr  as  such  is  possible, 
:h  the  employment  of  colorimetric  methods,  if  the  instrument  is 
tviously  tested  with  a  solution  of  blood,  the  color  of  which  accu- 
ely  coincides  with  that  of  the  wedge  at  the  mark  100.  To  this 
i  the  standard  solution  is  diluted  with  from  10  to  itO  volumes  of 
ter,  and  any  difference  that  may  exist  in  the  readings  of  the  instru- 
nt,  as  compared  with  the  known  percentages,  noted. 
If  the  number  of  red  corpuscles  is  known,  the  amount  of  hsemo- 
bin  contained  in  each,  "  la  valeur  globulaire  "  of  Ijepine,  can  be 
dily  determined,  and   is  a  point  of  considerable  importance  in 


ferential  diagnosis.  This  determination  is  a  simple  matter,  as  it 
>nly  necessary  to  divide  the  percentage  of  hsemoglobin  by  that  of 
'.  te<l  corpuscles.  Supposing  the  amount  of  haemoglobin  to  have 
;n  fifty  per  cent.,  and  the  number  of  rod  corpuscles  4,000,000  per 
jic  millimeter,  /.  c,  eighty  per  cent,  of  the  normal  (1), 000,000),  the 
or  index  would  be  fiftj'  divided  by  eighty,  i.  €.,  0.62. 
Under  strictly  normal  conditions  the  color  index  is  equivalent  to 
Ix>wer  values  are  e8i)eciany  seen  in  chlorosis,  where  it  may  di- 
nish  to  0.3  and  even  lower,  but  are  also  common  in  the  secondary 
emias.  Higher  values,  on  the  other  hand,  are  practically  only 
served  in  pernicious  anaimia,  and  are  always  suspicious. 
Estimation  of  Hsmoglobin  with  Oowers'  HEmoglobinometsr. — 
wers'  hsemt^lobinometer  is  much  cheaper  than  that  of  FleischI 
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and  yields  results  which  compare  favorably  with  those  obtained  with 
that  instrument.  The  apparatus  (Fig.  4)  consists  of:  a  closed  tube 
(D),  containing  a  solution  of  picrocarmine-glycerine,  the  color  of 
which  corresponds  to  a  1-per-cent.  solution  of  normal  blood ;  a  simi- 
lar tube  (C),  about  11  cm.  in  height,  provided  with  an  ascending 
scale  of  134  divisions,  each  corresponding  to  20  cbmm.;  a  capillary 
pipette  (B),  marked  at  20  cbmm.;  a  guarded  lancet  (F);  and  a  drop- 
ping-bottle  with  rubber  top  (A). 

In  order  to  estimate  the  relative  amount  of  haemoglobin  in  a  given 
case  the  tip  of  a  finger,  or  the  lobe  of  the  ear,  is  freely  punctured, 
after  having  been  cleansed  as  described  above,  and  the  pipette  filled 
with  blood  to  the  20  cbmm.  mark.  Any  trace  of  blood  that  may 
adhere  to  the  outer  surface  of  the  pipette  is  carefully  wiped  off;  the 
contents  are  mixed  at  once  with  a  few  drops  of  distilled  water,  previ- 
ously placed  in  the  graduated  tube.  In  order  to  make  the  error  in- 
curred, when  this  method  is  employed,  as  small  as  possible,  care 
should  be  had  to  remove  completely  every  trace  of  blood  from  the 
interior  of  the  pipette  by  refilling  it  with  distilled  water  and  blowing 
the  contents  into  the  graduated  tube.  The  two  tubes  are  then  held 
side  by  side,  directly  against  the  light,  or  against  a  sheet  of  white 
paper,  when  water  is  added  drop  by  drop,  until  the  shade  of  color 
is  the  same  in  the  two.  The  division  on  the  scale  ultimately  reached 
will  express  the  relative  percentage  of  haemoglobin. 

The  method  of  estimating  the  amount  of  haemoglobin  from  the 
specific  gra\nty  of  the  blood  has  been  described  on  page  20. 

Estimation  of  Blood-iron  with  Jolles'  Ferrometer. — The  idea  of  esti- 
mating the  haemoglobin  from  the  blood-iron,  as  suggested  by  Jolles, 
has  unfortunately  not  proven  practical,  as  constant  relations  do  not 
exist  between  the  two  bodies.  This  is  owing  to  the  fact  that  only  a 
jK)rtion  of  the  iron  occurs  in  the  form  of  haemoglobin.  His  method 
of  estimating  the  total  amount  of  iron  in  the  blood  deserves  consid- 
eration nevertheless,  as  it  may  prove  of  practical  value  in  clinical 
work. 

The  principle  of  the  method  is  the  following :  A  small  amount  of 
blood  is  incinerated,  and  the  remaining  red  oxide  of  iron  brought 
into  solution  with  a  little  monacid  potassium  sulphate.  In  this  so- 
lution the  iron  is  then  estimated  colorinietrically  by  means  of  a  spe- 
cial apparatus — the  ferrometer.  As  will  be  seen  from  the  accom- 
panying illustration  (Fig.  5),  this  consists  of  two  glass  tubes  C  and 
C,  which  are  of  the  same  diameter  throughout,  and  closed  at  the 
bottom  with  small  round  glass  plates,  held  in  position  by  means  of 
screws,  as  in  the  polarimetric  tubes.  Tube  (7  is  of  15  c.c.  capacity, 
while  C  is  a  little  longer  and  holds  about  IG  c.c.  Both  are  gradu- 
ated in  half  cubic  centimeters.  Tube  C  is  provided  with  an  over- 
flow tube  near  the  bottom,  which  carries  a  stoj>cock.     Both  are  fitted 
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into  the  perforated  metallic  plate  {D),  and  are  surrounded  b;  a  cas- 
iDg,  so  as  to  exclude  all  light  from  the  sides.  Below  the  plate  is  a 
plaster-of-Paris  reflector,  which  can  be  turned  with  the  screws  K 
and  K'.  Tube  C  receives  the  iron  solution,  obtained  from  the 
blood,  and  is  closed  with  an  accurately  fltting  glass  disk,  while  Id 
C  is  placed  the  iron  solution  used  for  comparison.  This  is  allowed 
to  flow  ^way  through  the  overflow  tube  {H),  drop  by  drop,  until  the 
color  in  the  two  tubes  is  the  same.  But  as  the  color  in  C ,  owing 
to  the  meniscus,  which  is  formed,  would  be  less  sharply  defined  than 


in  C,  the  tube  C  is  furnished  with  a  cylindrical  float  of  aluminum, 
which  is  closed  above  and  below  with  glass  disks.  This  float  dis- 
lodges about  oue  c.c.  of  fluid,  and  it  is  for  this  reason  that  C  is 
made  a  little  longer  than  C. 

A  capillary  pipette  and  the  necessary  additional  apparatus,  as  well 
as  reagents  accompany  the  instrument,  which  is  made  by  Keichert, 
of  Vienna.' 

Method. — In  order  to  obtain  the  necessary  amount  of  blood,  viz, 
0.05  cc,  which  is  obtained  by  simple  puncture  of  the  finger  or  the 
ear,  JoHes  recommends  that  the  capillary  tube  is  first  filled  beyond 

e  described,  which  is 
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the  mark  and  to  close  the  pinehcock  on  the  rubber  tube  at  once. 
The  excess  of  blood  is  then  allowed  to  flow  from  the  tube,  and  the 
tip  is  carefully  wiped  with  filter  paper.  The  0.05  c.c.  is  placed  in 
a  platinum  crucible,  any  traces  that  may  remain  adherent  to  the 
tube  being  washed  out  with  a  little  distilled  water.^ 

The  blood  is  now  evaporated  to  dryness  over  a  plate  of  asbestos, 
at  first  with  a  small  flame.  The  crucible  is  then  placed  on  a  pipe- 
stem  triangle,  and  the  residue  carefully  incinerated.  One  of  the 
accompanying  pow^ders,  containing  0.1  grm.  of  monacid  potassium 
sulphate  is  now  added.  The  mixture  is  cautiously  heated  with 
a  small  flame,  until  the  powder  begins  to  liquefy,  w^hen  stronger 
heat  is  applied,  and  the  mass  congeals.  This  step  is  completed  in 
one  or  two  minutes.  On  cooling  the  material  is  washed  into  the 
cylinder  C,  through  a  small  funnel  with  the  aid  of  a  little  hot  dis- 
tilled water,  and  diluted  to  the  mark  10.  Thp  tube  C  is  charged 
with  one  c.c.  of  the  comparison-solution,  and  likewise  filled  to  the 
mark  10  with  hot  distilleil  water.  This  solution  contains  0.0005 
grm.  of  iron  and  0.1  grm.  of  monacid  potassium  sulphate,  in  every 
cubic  centimeter. 

To  each  cylinder  are  then  added  1  c.c.  of  hydrochloric  acid  (1  : 3), 
and  4  c.c.  of  a  solution  of  ammonium  sulphocyanide  (7.5  gmis.  pro 
litre).  The  tube  (-  is  now  closed  with  the  glass  disk,  care  being 
taken  to  exclude  bubbles  of  air,  when  the  mixture  is  thoroughly 
shaken,  and  the  tube  fixed  in  the  metallic  plate.  Tube  C  is  likewise 
closed  ^vith  a  glass  disk ;  its  contents  are  well  agitated,  the  disk  is 
removed  and  replaced  by  the  carefully  dried  float.  This  should  be 
placed  upon  the  fluid  slowly  and  with  a  screwing  motion,  so  as  to 
exclude  bubbles  of  air.  After  this  tube  has  also  been  placed  in 
position  the  reflector  is  adjustwl,  and  so  much  of  the  comparison- 
solution  allowed  to  escji})e  as  to  make  the  color  in  the  two  tubes  the 
same.  T"  is  then  removed  from  its  base  and  the  reading  taken.  In 
the  table  below  the  corresponding  amount  of  iron  in  1,000  c.c.  of 
blood  may  be  directly  read  off".  Should  it  be  desired  to  obtain  the 
percentage  by  weight,  the  s}>ecific  gravity  of  the  blood  should  first  be 
ascertained,  and  the  necessary  calculation  made  according  to  the 

equation  D  :  V  : :  100  :  x,  and  x  =       ^  ,  in  which  D  represents  the 

specific  gravity,  and  V  the  i)ercentage  by  volume.  The  resulting 
differences,  however,  are  so  small  that  they  may  be  neglected,  and 
for  practical  purix)ses  it  will  be  sufficient  to  assume  a  sj)ecific  gravity 
of  1.050,  and  to  read  off  the  percentage  by  weight  directly.  To  this 
end  the  second  column  in  the  table  has  been  constnicted. 

*  The  pipette  should  always  be  cleansed  immediately  after  iise.  It  is  best  washed 
out  with  dilute  sulphuric  acid  (10  per  cent. ),  then  with  dilute  sodium  hydrate  solu- 
tion (5  per  cent. ),  and  finally  with  alcohol  and  ether. 
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Table  to  Ascertain  the  Amount  of  Iron  in  1,000  c.c.  of 

Blood,  and  the  Percentage  by  Weight,  from 

THE  Number  of  c.c.  of  the  Comparison 

Solution  Used  : 


Cc  of  comparison 

Iron  in  1,000  cc. 

Iron-percenUge 

ftolutioD  used. 

of  blood. 

by  weight. 

15.0 

LOOO 

0.0952 

14.5 

0.967 

0.0920 

14.0 

0.933 

0.0889 

13.5 

0.900 

0.0857 

13.0 

0.867 

0.0825 

12.5 

0.833 

0.0794 

12.0 

0.800 

0.0762 

11.5 

0.767 

0.0730 

n.o 

0.733 

0.0698 

10.5 

0.700 

0.0666 

10.0 

0.667 

0.0635 

9.5 

0.633 

0.0603 

9.0 

0.600 

0.0571 

8.5 

0.567 

0.0540 

8.0 

0.633 

0.0508 

7.5 

0.500 

0.0476 

7.0 

0.467 

0.0444 

6.5 

0.433 

0.0412 

6.0 

0.400 

0.0381 

5.5 

0.366 

0.0349 

5.0 

0.333 

0.0317 

4.5 

0.300 

0.0285 

4.0 

0.266 

0.0254 

3.5 

0.233 

0.0222 

3.0 

0.200 

0.0191 

2.5 

0.166 

0.0158 

2.0 

0.133 

0.0127 

1.5 

0.100 

0.0095 

1.0 

0.067 

0.0063 

Some  of  the  results  which  have  thus  far  been  obtained  are  given 
in  the  following  table  : 

Iron  in  IQD  cc.  of  blood 
by  weight. 

Normal 0.0413-0.0559 

Chloroeis 0.0203 

Diabetes  (severe) 0.0292 

Carcinoma  of  uterus  after  hemorrhage  .         .  0.0152 

Secondary  ansBmia 0.0177 

Jellineck,  who  has  made  a  careful  comparative  study  of  the  blood 
with  Jolles'  instrument  and  v.  Fleischl's  heemometer,  arrived  at  some 
very  interesting  conclusions.  In  diabetes  he  thus  found  that  the 
amount  of  iron  steadily  diminishes,  although  the  hajmoglobinometer 
gives  higher  readings.  In  a  case  of  malaria  the  iron  remained  con- 
stant before  and  after  the  chill,  while  w^ith  v.  FleischPs  instrument 
variable  results  were  obtained.  In  two  cases  of  leucocytosis  the 
ferrometer  gave  low  readings,  and  in  eight  cases  of  secondary  anee- 
mia,  the  hsemometer  gave  much  higher  values  than  the  ferrometer. 
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In  a  series  of  cases  Jolles  also  examined  into  the  presence  of  iron 
in  the  serum,  by  centrifugating  a  given  volume  of  blood  mixed  with 
an  0.8-per-cent.  salt  solution,  and  found  that  in  health  the  serum 
contains  no  iron.  In  three  cases  of  chlorosis,  in  one  case  of  leuke- 
mia, in  one  of  neoplasm  and  one  of  interstitial  nephritis,  negative 
results  were  likewise  reached.  In  two  cases  of  severe  diabetes,  on 
the  other  hand,  notable  quantities  were  found. 

Hsemoglobinsemia. — The  term  hsemoglobinsemia  has  been  ap- 
plied to  a  condition  in  which  the  haemoglobin  is  dissolved  out  from 
the  red  corpuscles,  and,  appearing  in  the  plasma  as  such,  leads  at  first 
to  a  very  decided  choluria  and  in  extreme  cases  to  haemoglobinuria. 

Various  poisons,  such  as  potassium  chlorate,  carbolic  acid,  pyro- 
gallic  acid,  naphthol,  arsenic,  sulphide  of  antimony,  hydrochloric 
acid,  sulphuric  acid,  antifebrin,  antipyrin,  phenacetin,  sulphonal, 
tincture  of  iodine,  when  given  hypodermically,  or  even  internally  in 
sufficiently  large  doses,  will  call  forth  a  hsemoglobinaemia,  which  is 
followed  by  haemoglobinuria. 

Fresh  morels  also  contain  a  poison  which  is  capable  of  producing 
an  intense  haemoglobinuria,  and  which  may  be  extracted  with  hot 
water. 

In  acute  and  chronic  infectious  disesises  of  a  severe  type,  such  as 
scarlatina,  typhoid  fever,  intermittent  fever,  icterus  gravis,  syphilis, 
as  also  in  diseases  depending  upon  a  hemorrhagic  diathesis,  such  as 
variola  hemorrhagica,  scurvy,  as  also  following  insolation,  extensive 
burns,  and  frostbite,  haemoglobin aemia,  leading  to  haemoglobinuria,  is 
not  infrequently  observed. 

An  epidemic  haemoglobinuria  of  the  newly  born  and  a  paroxysmal 
or  intermittent  haemoglobinuria,  both  of  unknown  origin,  have  like- 
wise been  described. 

In  a  case  of  Raynaud's  disease  which  I  had  occasion  to  observe  in 
the  clinic  of  Dr.  H.  M.  Thomas,  at  the  Johns  Hopkins  Hospital, 
haemoglobinuria  at  times  followed  epileptiform  seizures. 

Haemoglobinaemia  followed  by  haemoglobinuria  is  finally  observed 
after  transfiision  of  the  blood  of  one  mammal  into  the  circulation  of 
another. 

In  some  cases,  and  particularly  in  those  following  poisoning  with 
chlorates,  etc.,  the  haemoglobinaemia  ultimately  leads  to  a  well-pro- 
nounced methaemoglobinaemia  (see  below). 

A  haemoglobinaemia,  aside  from  the  urinary  examination,  may  be 
readily  recognized  by  a  spectroscopic  examination  of  the  serum,  when 
the  two  bands  of  absorption  of  oxyhaeraoglobin  will  be  observed. 

A  very  simple  method  wliich  may  be  employed  for  the  same  pur- 
pose is  the  following :  A  small  amount  of  blood  is  drawn  from  the 
patient  by  means  of  cupping-glasses  and  inmiediately  placed  on  ice, 
where  it  is  allowed  to  remain  for  from  twenty  to  twenty-four  hours. 
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At  the  expiration  of  this  time  the  clot  will  have  shrunk^  floating,  if 
the  blood  is  normal,  in  the  clear,  straw-colored  serum,  while  a 
beautiful  ruby-red  color  is  obtained  in  cases  of  hsemoglobinsemia.  If 
some  of  this  serum  is  then  heated  to  a  temperature  of  from  70°  to 
80°  C,  the  coagulum  in  the  presence  of  haemoglobin  will  present  a 
more  or  less  deep  brown  color. 

Carbon  Monoxide  Haemoglobin. — In  cases  of  coal-gas  poisoning 
the  blood,  both  of  arteries  and  veins,  presents  a  bright  cherry-red 
color,  owing  to  the  presence  of  carbon  monoxide  heemoglobin. 

Such  blood,  when  properly  diluted,  like  oxyhaemoglobin,  shows  two 
bands  of  absorption  between  D  and  E  (Fig.  6),  which  are  nearer  the 
violet  end  of  the  spectrum,  however,  and  may  be  readily  distinguished 
from  those  referable  to  oxyhsemoglobin  by  the  addition  of  a  reducing 
agent.  This  will  not  affect  the  spectrum  of  carbon  monoxide  haemo- 
globin, while  that  of  oxyhaemoglobin  is  transformed  into  the  spectrum 
of  reduced  haemoglobin. 

For  medico-legal  purposes  a  number  of  additional  tests  have  been 
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Spectrum  of  carbon  monoxide  beemoglobin.     (v.  Jaksch.  ) 

devised,  among  which  that  suggested  by  Hoppe-Seyler  is  one  of  the 
simplest  and  at  the  same  time  most  reliable.  The  blood  is  treated 
with  double  its  own  volume  of  a  solution  of  sodium  hydrate  (sp.  gr. 
1.3).  Normal  blood  is  thus  changed  into  a  dirty-brownish  mass, 
which,  when  spread  out  upon  a  porcelain  plate,  exhibits  a  trace  of 
green,  while  carbon  monoxide  blood  yields  a  beautiful  red  under  the 
same  conditions. 

Nitric  Oxide  Haemoglobin. — The  blood  in  eases  of  poisoning 
with  nitric  oxide,  owing  to  the  presence  of  nitric  oxide  haemoglobin, 
yields  a  spectrum  which  is  similar  to  that  of  carbon  monoxide  haemo- 
globin ;  the  bands,  however,  are  less  sharply  defined  and  paler  than 
those  of  the  latter  and,  like  these,  do  not  disappear  on  the  addition 
of  a  reducing  substance. 

Sulphuretted  Hydrogen  Haemoglobin  (Methaemoglobin  Su 

phide). — In  cases  of  poisoning  with  sulphuretted  hydrogen  no  de 
inite  changes  can  be  discovered  in  the  blood  upon  spectroscopic  ex- 
amination, although  Hoppe-Seyler  has  shown  that  haemoglobin  may 
enter  into  combination  with  this  gas.     It  is  stated,  however,  that  in 


40  THE  BLOOD, 

such  cases  the  blood  becomes  dark  and  of  a  dull  greenish  tint,  and 
that  the  distinction  between  arterial  and  venous  blood  is  lost. 

Carbon  Dioxide  Hsemoglobin. — With  carbon  dioxide,  as  men- 
tioned above,  haemoglobin  is  also  thought  to  enter  into  combination, 
the  spectrum  being  similar  to  that  of  reduced  haemoglobin.  The 
latter,  in  fact,  is  formed  artificially  when  carbon  dioxide  is  passed 
through  a  solution  of  oyxhjemoglobin.  If  this  process  is  carried 
further,  the  haemoglobin  is  decomposed,  and  a  precipitate  of  globulin 
thrown  down ;  an  absorption-band  is  then  obtained  which  is  similar 
to  that  resulting  when  haemoglobin  is  decomposed  with  acids  (see  be- 
low). The  question  has  hence  arisen  whether  the  so-called  carbon 
dioxide  haemoglobin  spectrum  is  not  in  reality  referable  to  carbon 
monoxide  haemochromogen,  the  haemochromogen,  according  to  Hoppe- 
Seyler,  being  the  colored  jwrtion  of  the  haemoglobin  and  its  com- 
pounds w^ith  gases. 

Of  the  blood-changes  occurring  in  cases  of  poisoning  with  hydro- 
cyanic acid  and  acetylene  but  little  is  known,  and  the  reader  is  re- 
ferred to  special  works  on  toxicology  for  their  consideration. 

Hsematin. — If  haemoglobin  in  aqueous  solution  is  heated  to  a 
temperature  of  from  60°  to  70°  C,  it  is  decomposed  into  an  albu- 
minous body,  belonging  to  the  class  of  globulins,  and  haematin.  The 
same  result  is  also  reached  by  treating  the  aqueous  solution  with 
acids,  alkalies,  or  the  salts  of  various  heavy  metals. 

Haematin  is  an  amorphous,  blackish-broNvn  or  blutsh-blftek  sub- 
stance which  is  frequently  encountered  in  old  transudates,  in  the 
stools  after  hemorrhages,  and  after  meals  rich  in  meats — i.  c,  blood. 
It  is  said  to  occur  in  the  urine  in  cases  of  poisoning  with  arsenic, 
and  in  the  blood  of  animals  poisoned  with  nitrobenzol  its  presence 
can  likewise  be  demonstrated  with  the  spectroscope. 

In  acid  solutions  it  shows  a  well-defined  spectral  band  between 
(!  and  D  (Fig.  9).  Between  I)  and  F  a  second  band  is  seen,  which 
is  much  wider,  but  less  sharply  defined  than  the  first,  and  may  be 
resolved  into  two  bands  by  dilution,  one  between  b  and  F,  near  jF, 
and  another  between  D  and  E^  near  E ;  a  faint  fourth  band  may 
also  be  seen  between  D  and  E,  near  D.  As  a  rule  the  two  bands 
between  1)  and  F  only  are  visible. 

In  alkaline  solutions  it  shows  but  one  broad  band,  the  greater 
portion  of  which  lies  between  C  and  1),  extending  slightly  beyond 
l>(Fig.  7). 

If  an  alkaline  solution  of  haematin  is  treated  with  a  reducing 
substance,  reduced  haematin  results,  which  gives  rise  to  two  bands 
of  absorption  between  D  and  E  (Fig.  8). 

Haemin. — Haematin  readily  combines  with  one  molecule  of  hy- 
drochloric acid  to  form  haemin.  This  substimce  crystallizes  in  light 
or  dark  brown  rhombic  plates  or  columns,  which  are  highly  charac- 
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teristic  (Plate  I.,  Fig.  1).  They  bear  the  name  of  their  discoverer, 
TeiehmaDn.  The  size  of  these  crystals  varies  with  the  manner  in 
which  they  are  produced,  the  largest  specimens  being  encountered 
when  the  glacial  acetic  acid  (see  below)  is  allowed  to  evaporate  as 
slowly  as  possible.  Specimens  measuring  from  15  //  to  18  //  in 
length  may  then  be  seen.     Smaller  crystals  will  be  present  at  the 
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spectrum  of  heeiiiatiD  in  alkaline  solution,     (v.  JAKijcii. ) 

same  time,  occurring  either  singly  or  gathered  in  stars,  rosettes,  and 
crosses. 

As  these  crystals  may  be  obtained  from  mere  traces  of  blood,  their 
formation  must  he  regarded  as  conclusive  evidence  in  medico-legal 
examinations.  Lewin  and  Rosenstein  have  pointed  out,  however, 
that  under  certain  conditions  a  n^ative  result  may  be  reached,  even 
if  the  coloring-matter  is  derived  from  the  blood.  This  is  the  case 
especially  when  the  haemoglobin  has  been  transformed  into  hsemo- 
chromogen  or  hsematoporphyrin,  or  when  substances  have  been  mixed 
with  the  blood  which  are  either  capable  of  altering  its  general  com- 
position or  which,  through  their  mere  presence,  interfere  with  the 
reaction.     Such  substances  are  certain  salts  of  iron  (rust),  lead,  mer- 
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Spectrum  of  reduced  hsematin.     (  v.  Jaksch.  ) 


cury,  and  silver;  further,  lime,  animal  charcoal,  and  sand,  when 
these  are  intimately  mixed  with  the  blood.  In  medico-legal  cases  a 
spectroscopic  examination  should  hence  also  be  made  whenever  the 
hsemin  reaction  is  not  obtained. 

Method. — A  small  drop  of   normal    salt-solution    is    carefully 
evaporated  on  a  slide,  when  a  few  particles  of  the  suspected  material, 
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powdered  or  teased  as  finely  as  possible,  are  placed  upon  the  delicate 
layer  of  crystallized  salt.  The  preparation  is  covered  with  a  cover- 
glass,  and  glacial  acetic  acid  allowed  to  just  fill  the  space  between  the 
two  glasses.  The  specimen  is  then  carefully  heated  (three-quarters 
to  one  minute)  until  bubbles  of  gas  begin  to  form  beneath  the  cover. 
While  evaporation  is  being  continued  glacial  acetic  acid  is  further 
added,  drop  by  drop  from  the  edge  of  the  slip,  until  a  faint  reddish- 
brown  tint  appears.  As  soon  as  this  point  is  reached  the  last  traces 
of  the  acid  are  allowed  to  evaporate,  the  specimen  being  held  at  a 
greater  distance  from  the  flame.  A  drop  of  glycerin  is  finally  added^ 
when  the  preparation  may  be  examined  under  the  microscope,  atten- 
tion being  directed  especially  to  any  reddish-brown  streaks  or  specks, 
which,  in  the  presence  of  blood,  can  usually  be  made  out  with  the 
naked  eye. 

Methsemoglobin. — Methaemoglobin  is  a  pigment  closely  related  to 
oxyhflemoglobin,  and  is  frequently  encountered  in  sanguineus  transu- 
dates, cystic  fluids,  and  in  the  urine  in  cases  of  hsematuria  and  hsemo- 
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Spectrum  of  methsemoglobin  in  acid  and  neutral  solutions,    (v.  Jaksch.) 


globinuria.  In  the  circulating  blood  methajmoglobin  is  found  after 
the  ingestion  of  large  quantities  of  potassium  chlorate,  notably  so  in 
children,  as  also  after  the  inhalation  of  nitrite  of  amyl,  the  use  of 
kairin,  thallin,  hydrochinon,  pyrocatechin,  iodine,  bromine,  turpen- 
tine, ether,  perosmic  acid,  j)ermanganate  of  potassium,  and  antifebrin. 
(See  Haemoglobinaemia,  p.  38.) 

The  spectrum  of  an  aqueous  or  slightly  acidified  solution  of  methae- 
moglobin (Fig.  9)  closely  resembles  that  of  an  acid  solution  of  hsema- 
tin,  but  differs  from  this  in  the  ease  with  which  it  is  transformed 
into  that  of  haemoglobin  when  an  alkali  and  a  reducing  substance  are 
added.  The  spectrum  of  htematin  under  the  same  conditions  is 
transformed  into  that  of  an  alkaline  solution  of  haemoehromogen.  In 
alkaline  solutions,  on  the  other  hand,  two  bands  of  absorption  are 
observed,  which  are  similar  to  those  of  oxyhaeraoglobin,  but  differ 
from  these  in  the  fact  that  the  band  nearer  Ey  j8,  is  more  pronounced 
than  the  one  at  Z>,  a,  A  third,  but  very  faint,  band  may  further  be 
observed  between  C  and  D,  near  D, 

Hsematoidin. — Small  amorphous  particles  of  an  orange  or  ruby- 
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red  color,  or  crystals  belonging  to  the  rhombic  system  (Plate  I.,  Fig. 
2),  occurring  either  singly  or  in  groups,  are  frequently  met  with  in 
the  sputum,  the  urine,  and  the  feces,  as  well  as  in  old  extravasations 
of  blood.  They  were  first  discovered  by  Virchow,  who  applied  the 
term  hsematoidin  to  this  particular  pigment,  the  hsemic  origin  of 
which  is  undoubted,  being  probably  derived  from  hsematin. 

Hsamatoporphyrin. — Hsematoporphyrin  is  likewise  a  derivative 
of  hsematin,  and,  according  to  Nencki  and  Sieber,  isomeric  with 
bilirubin.  In  dilute  solution  with  sodium  carbonate  it  shows  four 
bands  of  absorption,  one  between  C  and  D,  a  second  one,  broader 
than  the  first,  about  D,  especially  marked  between  D  and  J?,  a  third 
one,  not  so  broad  and  less  sharply  defined  between  D  and  E,  and  a 
fourth  one,  broad  and  dark,  between  b  and  F  (Fig.  10). 

The  clinical  significance  of  this  body,  which  also  appears  in  the 
urine,  as  well  as  the  causes  giving  rise  to  its  formation,  are  as  yet 
unknown.     (See  Heematoporphyrinuria.) 

While  it  is  usually  possible,  as  pointed  out  above,  to  recognize 
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Spectrum  of  heematoporphyrin  in  alkaline  solution. 

definitely  the  presence  of  blood  by  the  heemin-test,  recourse  should 
always  be  had  to  a  spectroscopic  examination  whenever  the  exact 
nature  of  the  pigment  under  consideration  is  to  be  determined. 

The  Spectroscope. — ^The  spectroscope  (Fig.  11)  essentially  con- 
sists of  a  tube  (A),  provided  with  a  slit  at  its  distal  end,  which  may 
be  narrowed  or  widened,  and  a  collecting-lens  at  its  proximal  end. 
Through  the  latter  rays  of  sunlight  or  of  artificial  light  are  thrown 
upon  a  prism  (P),  where  they  are  decomposed  into  a  colored  spec- 
trum which  is  viewed  through  an  astronomical  telescope  (B). 
Through  a  third  tube  (C)  a  fine  scale,  illuminated  by  artificial  light, 
is  reflected  by  the  prism  to  the  eye  of  the  observer,  appearing  im- 
mediately above  the  colored  spectrum.  The  left  end  of  this  is  red, 
passing  into  yellow,  this  into  green,  then  into  blue,  indigo,  and  finally 
into  violet,  which  occupies  the  right  end.  These  colors,  however, 
are  not  continuous,  but  are  interrupted  by  a  large  number  of  verti- 
cally placed  dark  lines,  named  after  Frauenhofer.  The  most  marked 
of  these  are  designated  by  the  letters :  Ay  a,  B,  C,  D,  E,  6,  F,  (?, 
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and  H.     Of  these,  A  is  found  at  the  left,  end  and  B  in  the  middle 
of  the  red  portion  of  the  spectrum,  C  at  the  boundary  of  the  red  and 


the  orange,  D  in  the  yellow,  E  in  the  green,  F  in  the  blue,  G  in  the 
indigo,  and  H  in  the  violet  portion  ;  a  \s  situated  in  the  red  between 


A  and  B,  nearer  -1,  and  b  in  the  green  betivecu  E  and  F,  nearer 
E.     (See  Fig.  1.) 
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If  now  a  colored  medium  is  placed  between  the  slit  and  the  light, 
not  all  the  rays  of  colored  light  reach  the  eye,  but  some  become  ab- 
sorbed. In  the  case  of  the  blood,  for  example,  it  may  thus  l)e  seen 
that  a  portion  of  the  yellow  and  a  portion  of  the  red  rays  are  ab- 
sorbed, a  spectrum  of  this  kind  being  spoken  of  as  an  absorption- 
spectrum. 

For  clinical  purposes  various  instruments,  modifications  of  the  one 
described,  have  been  devised,  among  which  those  of  Desego  of 
Heidelberg,  Zeiss  of  Jena  (Fig.  12),  and  Hoffman  of  Paris  as  well 
as  Hering's  lenseless  spectroscope,  and  Henocque's  instrument,  are 
quite  serviceable. 

THE  PROTEIDS  OF  THE  BLOOD. 

In  considering  the  proteids  of  the  blood  from  a  clinical  point  of 
view,  it  is  necessary  to  distinguish  between  an  increase  and  a  diminu- 
tion in  their  normal  amount,  constituting  the  conditions  of  hyjjer- 
fdbuminosis  and  hypalbuminosisy  respectively.  As  may  be  expected, 
the  former  is  met  with  whenever  water  is  more  rapidly  withdrawn 
from  the  system  than  it  can  be  supplied,  and  is  hence  observed  in 
cases  of  cholera,  acute  diarrhoea,  following  the  use  of  purgatives,  etc. 
This  increase  in  the  amount  of  proteids  is  only  a  relative  increase, 
however.  The  occurrence  of  an  absolute  increase  has  not  as  yet  been 
satisfactorily  demonstrated.  An  absolute  hypalbuminosis,  on  the 
other  hand,  is  observed  following  a  direct  loss  of  proteids  from  the 
blood,  as  in  hemorrhage,  dysentery,  albuminuria  of  high  degree,  the 
formation  of  large  collections  of  pus,  etc.  This  is  generally  associated 
with  a  relative  increase  in  the  amount  of  water — /.  c,  a  hydriemia, 
which  is  particularly  noticeable  after  hemorrhjiges,  and  referable  to 
a  diminished  secretion  and  excretion  of  water,  as  well  as  to  a  direct 
absorption  from  the  tissues. 

The  term  hyperinosis  has  been  applied  to  a  condition  in  which  the 
amount  of  fibrin  is  increased.  This  is  said  to  occur  in  various 
inflammatory  diseases,  such  as  pneumonia,  pleurisy,  acute  articular 
rheumatism,  and  erysipelas,  while  a  diminished  amount  of  fibrin, 
hj/plndsisy  has  been  observed  in  malaria,  nephritis,  pya?mia,  and  per- 
nicious anaemia. 

In  order  to  determine  the  amount  of  fibrin,  30  to  40  c.c.  of  blood, 
obtaineil  by  means  of  cupping-glasses,  are  placed  in  a  previously 
weighed  beaker,  fitted  with  an  India-rubber  cap,  through  the  center 
of  which  passes  a  piece  of  whalebone,  firmly  fixed.  The  blood  is 
defibrinated  by  beating  with  the  whalebone,  when  the  beaker  with 
its  contents  is  weighed,  the  difference  indicating  the  weight  of  the 
blood.  The  beaker  is  then  filled  with  water  and  the  mixture  again 
beaten.     The  fibrin  is  then  allowed  to  settle  and  after  being  washed 
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with  normal  salt-solution  filtered  through  a  filter  of  known  weight 
It  is  further  washed  with  normal  salt-solution  until  free  from  color- 
ing matter,  then  boiled  in  alcohol  to  dissolve  out  the  fat,  cholesterin, 
and  lecithin,  dried  at  110°  to  120°  C,  and  weighed  on  cooling  over 
sulphuric  acid. 

In  leuksemic  blood  v.  Jaksch  was  able  to  demonstrate  peptones  in 
considerable  quantities,  and  especially  so  afler  death,  when  the  amount 
progressively  increased  as  decomposition  advanced.  Matthes,  on 
the  other  hand,  could  detect  no  true  peptones,  but  found  that  the 
blood  contained  a  deuteroalbumose.  In  one  case  the  serum  con- 
tained an  abundance  of  nucleoalbumin,  derived  in  all  probability 
from  d^enerated  leucocytes. 

More  recently  albumoses  have  also  been  found  in  a  case  of  abscess 
of  the  brain,  associated  with  albumosuria. 

Following  the  injection  of  nuclein  and  spermin,  moreover,  albu- 
mossemia  appears  to  occur  quite  constantly  both  during  the  stage  of 
hypo-  as  well  as  hyperleucocytosis.  Afler  injections  of  pilocarpin 
albumosuria  is  only  observed  in  association  with  hyperleucocytosis. 

In  order  to  test  for  albumoses,  all  other  proteids  should  first  be 
removed,  when  a  positive  biuret-reaction  in  the  filtrate  will  indicate 
their  presence.     (See  also  Salkowski's  test.) 

Carbohydrates. 

Sugar. — Sugar,  as  indicated  above,  is  a  normal  constituent  of  the 
blood,  its  quantity  varying  between  1  and  1.5  p.  m.  Under  patho- 
logic conditions  this  amount  may  be  exceeded  by  far,  and  notably  so 
in  diabetes,  in  which  Hoppe-Seyler  found  as  much  as  9  p.  m.  in  a 
given  case. 

In  addition  to  sugar,  a  non -fermentable  reducing  substance  has 
been  encountereil  in  the  blood,  the  exact  nature  of  which  is  still  un- 
known. 

Large  quantities  of  a  reducing  substance,  the  greater  portion  of 
which  consisted  of  sugar,  have  been  met  with  by  Trinkler  in  carci- 
noma ;  it  was  observed  at  the  same  time  that  carcinoma  of  the  inter- 
nal organs  was  associated  with  far  greater  amounts  of  sugar  than 
cancerous  diseases  of  the  skin  and  the  mucous  membranes.  It  is 
also  interesting  to  note  in  this  connection  that  an  increase  in  the  de- 
gree of  the  cachexia  was  not  accompanied  by  an  increase  in  the  per- 
centage of  sugar. 

The  results  reached  by  Trinkler  apparently  also  bear  out  the  cor- 
rectness of  the  conclusions  formed  bv  Freund,  who  claimed  that  a 
differential  diagnosis  between  carcinoma  and  sarcoma,  in  which  latter 
condition  no  increase  in  the  amount  of  sugar  was  noted,  can  always 
be  effected  ui>on  the  basis  of  an  examination  of  the  blood  in  this 
direction. 
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In  the  following  table  the  percentages  found  in  the  different  dis- 
eases investigated  are  given,  from  which  it  is  apparent  that  next  to 
carcinoma  the  largest  quantities  of  sugar  are  met  with  in  the  infec- 
tious diseases  and  the  lowest  figures  in  diseases  of  the  kidneys  : 


ATerage. 

MiDimum. 

Maximum. 

Per  cent. 

Per  cent 

Per  cent. 

Cjtrcinoma 

.     0.1819 

0.1023 

0.3030 

Typhoid  fever  . 

.     0.0950 

0.0875 

0.1022 

Faeomonia 

.     0.0943 

0.0813 

0.1092 

Dysentery 

.     0.0838 

0.0796 

0.0915 

Heart  disease    . 

.     0.0737 

0.0664 

0.0897 

Peritonitis 

.     0.0701 

0.0450 

0.0917 

Tuberculosis 

.     0.0663 

0.0450 

0.0817 

Srphilis 
Nephritis  and  are] 

.     0.0553 

0.0449 

0.0748 

sua        .     0.0489 

0.0321 

0.0559 

In  order  to  demonstrate  sugar  in  the  blood,  15  to  30  grammes, 
obtained  by  venesection  or  cupping-glasses,  are  placed  in  an  evapor- 
ating-dish  and  treated  with  an  equal  weight  of  finely  powdered 
sodium  sulphate  and  a  few  drops  of  acetic  acid.  The  mixture  is 
brought  to  the  boiling-point  and  passed  through  a  muslin  filter  as  soon 
as  the  coagulum  has  become  black  and  spongy,  water  having  been 
previously  added  to  the  original  volume.  The  filtrate  is  passed 
through  Swedish  paper.  In  the  final  filtrate  the  sugar  is  then  esti- 
mated as  described  elsewhere.     (See  Urine.) 

Or,  the  blood  is  treated  with  four  to  five  times  its  volume  of  strong 
alcohol  (94  to  96  per  cent.),  slightly  acidified  with  acetic  acid.  The 
mixture  is  allowed  to  stand  for  several  hours,  no  heat  being  applied. 
It  is  then  filtered  and  evaporated  on  the  water-bath  until  all  the 
alcohol  has  been  driven  oiT.  Should  any  albumin  separate  out  during 
this  process,  the  residue  is  again  extracted  with  alcohol.  The  final 
residue  is  dissolved  in  water.  In  this  solution  the  sugar  is  then 
estimated  according  to  Knapp's  method. 

Of  late  Cavazzani  has  drawn  attention  to  another  method  of  free- 
ing the  blood  from  proteids  which  is  said  to  be  entirely  satisfactory 
and  less  expensive.  To  this  end  20  to  30  c.c.  of  blood  are  added  to 
200  CO.  of  distilled  water  in  a  porcelain  dish  and  treated  with  five 
or  six  drops  of  a  solution  consisting  of  10  parts  of  acetic  acid  (sp. 
gr.  1.040)  and  1  part  of  lactic  acid.  The  mixture  is  Ix^iled  for  eight 
to  ten  minutes,  filtered,  and  the  coagulum  washed  re]>€atedly  with 
hot  water  and  finally  pressed  out  in  a  piece  of  muslin.  The  result- 
ing filtrates,  which  are  practically  colorless,  are  then  concentrates!  to 
a  small  volome,  and  any  traces  of  albumin,  which  may  still  separate 
oat,  filtered  off.  If  too  much  of  the  acid  sr^lution  has  been  added,  it 
may  happen  that  the  mixture  does  not  clear  up  on  boiling.  It  is 
then  onlv  neccsaarv  to  add  a  few  crv<itals  of  sodium  carlx^nate,  when 
cofl^lation  will  oocnr  at  once.  On  the  other  hand,  it  may  at  times 
be  necessarr  to  add  a  few  more  drops  of  the  acetic  acid  solution. 
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Williamson's  Diabetic  Blood-test. — This  test  is  of  much  interest 
and  may  possibly  serve  to  diflGerentiate  the  ordinary  forms  of  dia- 
betes from  that  in  which  the  blood  sugar  is  not  increased.  It  is 
basediipon  the  observation  that  a  warm  alkaline  solution  of  methy- 
lene blue  is  decolorized  by  grape  sugar.  As  with  Bremer's  test, 
(see  p.  63),  a  positive  result  may  at  times  be  obtained,  when  the  sugar 
has  temporarily  disappeared  from  the  urine. 

Method. — 20  cbmm.  of  blood,  obtained  from  the  finger  or  the 
ear,  are  carefully  measured  off  with  the  aid  of  the  capillary  pipette, 
which  accompanies  Gower's  haemocytometer,  and  are  mixed  in  a  test- 
tube  of  small  caliber  with  40  cbmm.  of  distilled  water.  To  this 
mixture  one  cubic-centimeter  of  an  aqueous  solution  of  metliylene 
blue  (1:  (),000),  and  40  cbmm.  of  a  6-per-cent.  aqueous  solution  of 
potassium  hydrate  are  added.  A  control  tube  is  similarly  charged 
with  non-<liabetic  blood.  The  two  specimens  are  then  placed  in 
boiling  water  and  allowed  to  remain  for  from  3  to  4  minutes,  without 
shaking.  At  the  end  of  this  time  it  will  be  seen  that  the  diabetic 
blood  has  decolorized  the  methylene-blue  solution,  which  has  turned 
a  yellowish-green,  or  yellow,  while  the  non-diabetic  specimen  has 
retained  its  original  color. 

The  quantity  of  blood  used  should  not  exceed  the  amount  indi- 
cated, as  a  decolorization  of  the  methylene  blue  also  results  with 
non-diabetic  blood,  if  large  amounts,  such  as  (>0  cbmm.  are  employed. 

Glycogen. — There  appears  to  be  no  doubt  that  glycogen  normally 
occurs  in  the  blood  of  various  animals.  Huppert  succeeded  in  dem- 
onstrating its  presence  in  all  animals  examined,  the  amount  varying 
between  0.114  and  l.ofK)  grammes  for  one  hundred  parts  of  blood. 
Czerny,  on  the  other  hand,  was  not  able  to  confirm  these  results  in 
the  case  of  healthy  adults,  while  in  sick  children  an  examination  of 
the  leucocytes  furnished  positive  results,  glycogen  being  met  with  in 
chronic  gastro-intestinal  diseases,  pneumonia,  ana?mia,  furunculosis, 
cachectic  conditions  the  result  of  tubercular  disease,  asphyxia,  etc. 
In  diabetes  and  leukajmia  the  glycogen-reaction  is  said  to  be  quite 
pronounced. 

Livierato,  who  recently  investigated  this  question  with  great  care, 
arrived  at  the  following  conclusions:  1.  Glycogen  is  constantly 
present  in  the  blood  of  healthy  individuals  ;  its  presence,  however, 
is  confined  to  the  blood-plasma.  When  present  in  increased  amoimts 
it  also  occurs  in  the  leucocytes.  2.  It  is  absent  in  cases  of  acute 
articular  rheumatism  and  in  inflanmiatorv  conditions  of  the  serous 
membranes.  3.  Increased  amounts  are  found  in  acute  croupous 
pneumonia,  in  typhoid  fever,  in  phthisis,  and  in  various  exanthe- 
mata, etc.  4.  In  hepatic  and  cardiac  diseases  associated  with 
effusion  it  is  either  absent  or  present  in  traces,  o.  An  endo- 
globular  reaction    only  may  be   obtained    during    the  second    half 
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of  the  ninth  month  of  pregnancy  and  during  the  first  four  or  five 
days  of  the  puerperal  period.  6.  An  increase  in  the  amount  of  gly- 
cogen is  dependent  upon  the  existence  of  an  active  local  lesion,  asso- 
ciated with  fever,  upon  the  formation  of  exudates  containing  pep- 
toaizable  material,  or  upon  the  existence  of  a  more  or  less  pronounced 
hyperleucocytosis.  According  to  Kaminer  it  is  commonly  seen  in 
puerperal  fever.  A  positive  reaction  is  also  obtained  in  severe  a>ii- 
tusions  and  fractures — ^two  to  three  days  after  the  injur}', — in  rapidly 
progressing  staphylococcus  and  streptococcus  infections,  and  follow- 
ing narcosis. 

Ehrlich  explains  the  appearance  of  glycogen  in  the  leucocytes  l»y 
assuming  that  this  is  present  in  ever>'  c^ell  as  a  colorless  compriuml, 
from  which  the  glycogen  is  easily  split  off  and  may  then  be  demon- 
strated as  such. 

In  order  to  test  for  glycogen  it  is  best  to  spread  a  drop  of  bUxKl 
between  two  cover-glasses  and  to  place  the  air-dried  specimens  in  a 
small  jar  containing  a  few  crj'stals  of  iodine.  After  several  minutes 
the  blood  films  assume  a  dark  l>rown  color,  when  they  are  mr>unte<I 
in  a  drop  of  a  saturated  solution  of  hevulose  and  examined  with  an 
oil-immersion  lens.  The  red  corpuscles  are  stainefl  the  color  of 
io<line,  while  the  leucocj'tes  are  almost  wJorless.  All  glycf>gen  gran- 
ules, whether  these  are  contained  in  leucoc^-tes  or  free  in  the  bUxxl, 
are  stained  a  distinct  mahogany.  Khrlich  suggests  that  this  method 
be  used  more  extensivelv  in  the  studv  of  diabetes  and  other  disc^rics. 
It  certainly  furnishes  fiir  better  results  tlian  the  old  staining  with  a  so- 
lution composed  of  1  gramme  of  iodine  and  •>  grammes  of  [ir>tassium 
iodide  in  K.K)  grammes  of  a  concentrated  solution  of  mucilage.  He 
also  states  that  the  same  method  may  lie  very  advantage^msly  use^l 
in  testing  for  glycc^n  in  the  secretions,  as  in  grinorrlni^l  pus, 
tumor-cells,  etc. 

Cellulose. — Cellulose  has  occasional Iv  lieen  f  »und  in  the  bkKKl  of 
tubercular  patients. 

Urea. 

Urea  normally  occurs  in  the  blofjd  iu  traces — <J.01G  Uj  f).()'2(*  j>er 
cent.  Lai^r  amounts  are  encountererl  Mbenever,  for  any  reason,  ar* 
in  nephritis,  various  diseases  of  the  urinary  organs,  cholera  A*iatif:a, 
cholera  infimtuuL,  eclampsia,  etc.,  its  eliiriination  i??  /ViyWe*^,  or  when- 
ever, as  in  fever,  owing  to  increased  albuminous  deer.»mposition,  iinja 
is  jormM  in  abnormally  large  quantities. 

In  this  connection  it  is  interesting  to  note  tliat  a  •^maller  amount 
of  urea  is  found  in  &tal  cases  of  eclamj>-ia  tlian  in  th^^se  endincr  in 
recovery,  an  observation  which  has  Ije^^  explaine^l  by  th#-  a-^unjj>tioij 
that  in  this  coodition  the  functional  a«^tivitv.  not  onlv  of  the  kidnevs, 
but  also  of  the  liver,  is  hjst. 
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The  methods  which  are  available  for  the  detection  of  urea  in  the 
blood  are  still  too  complicated  for  clinical  purposes,  and  the  value 
of  the  information  derived  so  small  as  hardly  to  repay  for  the  labor 
involved.  Hopi^e-Seyler's  method  should  be  employed  whenever  an 
examination  in  this  direction  is  deemed  advisable.^ 

nrsemia. — Formerly  it  was  thought  that  the  complex  of  symp- 
toms generally  spoken  of  as  uraemia  was  referable  to  the  retention 
in  the  blood  of  urea  or  ammonium  carbonate.  This  view  has  since 
been  disproven,  however,  although  it  must  be  admitted  that  in 
unemia  an  increased  amount  of  urea  is  frequently  noted.  Other 
views,  according  to  which  unemia  is  referable  to  an  accumulation 
of  potassium  salts,  of  extractives,  and  especially  of  kreatinin,  or  of 
ptomai'ns  in  the  blood,  must  still  be  regarded  as  being  suJb  judice. 
There  is  no  reason,  however,  to  ascribe  the  urajraic  condition  to  the 
retention  in  the  blood  of  one  i>articular  constituent  of  the  urine,  and 
it  is  not  at  all  improbable  that  a  retention  of  all  may  be  responsible 
for  the  symptoms  observed. 

Ammonia. 

Normal  venous  blood,  according  to  the  researches  of  Winterberg, 
contains  about  1  mgrm.  of  ammonia  for  every  100  c.c.  In  febrile 
conditions  variable  results  are  obtained,  but  it  appears  certain  that 
a  definite  relation  between  the  height  of  the  fever  and  the  amount  of 
ammonia  does  not  exist.  In  chronic  hepatic  diseases,  and  notably 
in  cirrhosis,  it  is  not  increased.  The  course  of  acute  yellow  atrophy 
also  is  not  necessarily  associated  with  an  increase.  Very  significant 
is  the  observation  that  in  uraemia  following  extirpation  of  the  kid- 
neys no  increase  is  observed.  An  ammoniaemia  in  the  sense  of  v. 
Jaksch  can  hence  scarcely  be  said  to  exist. 

Uric  Acid  and  the  Xanthin-bases. 

Uric  Acid. — Formerly,  the  presence  of  appreciable  amounts  of 
uric  acid  in  the  bl(X)d  was  regarded  as  pathognomonic  of  gout.  But 
we  now  know  that  a  lithaemic  condition  may  also  occur  in  other 
diseases. 

A  definite  lithaemia  has  been  observed  in  a  variety  of  disorders, 
such  as  pneumonia,  acute  and  chronic  nephritis,  chronic  gastritis, 
catarrhal  angina,  conditions  associated  with  an  insufficient  aeration 
of  the  blood,  as  in  the  various  diseases  of  the  luuirt,  in  pleurisy  with 
exudation,  emphysema,  when  accompanieil  by  cyanosis,  the  sev^erer 
forms  of  anaemia,  etc.  v.  Jaksch  claims  to  have  found  uric  acid  in 
the  blood  in  88.88  per  cent,  of  his  cases  of  nephritis.  Fever  in 
itself  does  not  apjwar  to  lead  to  an  increased  production  of  uric  acid, 

'See  Ilonpe-Seyler :  Haiulbiich  dcr  physiologisch-  und  pathologisch-chemischeii 
Analyse.      \  ierte  Auflage,  p.  3015. 
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as  negative  results  were  obtained  in  nine  cases  of  typhoid  fever  out 
of  eleven,  in  five  cases  of  acute  articular  rheumatism  out  of  six,  etc. 
The  conclusion  is  thus  forced  upon  us  that  the  diminished  alkalinity 
of  the  blood  observed  in  nephritis  and  amemia  is,  to  some  extent  at 
least,  dependent  upon  the  presence  of  a  nitrogenous  acid,  while  the 
diminished  alkalinity  of  the  blood  observed  in  fevers  is  not  referable 
to  this  cause. 

From  a  survey  of  the  literature  upon  the  subject  it  apjx?ars  that 
an  increased  elimination  of  uric  acid  in  the  urine  is  not  necessarily 
accompanied  by  an  increase  in  the  amount  of  uric  acid  in  the  blood. 
Further  researches  in  this  direction  are,  however,  highly  desirable, 
and  particularly  so  in  connection  with  the  various  forms  of  gastric 
disease,  in  which  an  increased  elimination  of  uric  acid,  according  to 
my  experience,  is  so  frequently  observed. 

The  assumption  that  the  acute  attacks  of  gout  are  referable  to  an 
increased  alkalinity  of  the  blood,  and  a  consequent  increase  in  the 
amount  of  uric  acid  has  been  disproven. 

In  order  to  test  for  uric  acid  in  the  blood  the  following  method 
may  be  employed :  100  to  300  c.c.  of  blood  obtained  by  means  of 
cupping-glasses,  are  at  once  diluted  with  three  or  four  times  their 
own  volume  of  water  and  heated  on  the  water-bath.  As  soon  as 
coagulation  sets  in  a  few  drops  of  an  0.3-  to  0.5-per-cent.  solution  of 
acetic  acid  are  added  until  a  feebly  acid  reaction  is  obtained.  After 
having  been  kept  upon  the  boiling-water  bath  for  from  fifteen  to 
twenty  minutes  longer,  until  the  albumin  has  separated  out  and 
settled  in  brownish  flakes,  the  mixture  is  filtered,  while  hot,  and  the 
precipitate  washed  repeatedly  with  hot  water.  Filtrate  and  washings, 
which  usually  present  a  slightly  yellow  or  brownish  color,  are  again 
brought  to  the  boiling-point  after  the  addition  of  0.3  to  0.5  per  cent, 
of  acetic  acid,  decanted,  filtered,  and  after  the  addition  of  a  small 
amount  of  disodic  phosphate  further  treated  according  to  the  Lud- 
wig-Salkowsky  method  (see  Urine).  The  first  filtrate  is  then  treated 
with  hydrochloric  acid,  evaporated  to  about  10  c.c,  and  allowed  to 
stand  for  twenty-four  hours,  when  the  uric  acid  that  has  separated 
out  is  filtered  off  through  asbestos  or  glass-wool.  The  filtrate  may 
then  be  examined  for  xanthin-bases  according  to  the  same  method. 
If  no  uric  acid  crystallizes  out,  as  not  infrequently  occurs,  the  acid 
fluid  is  directly  examined  for  uric  acid  by  means  of  the  murexid-test 
(which  see).  If,  upon  the  addition  of  ammonia,  no  distinct  red  color 
develops,  the  residue,  after  thorough  desiccation,  is  dissolved  in  water, 
when  a  reddish  color  may  be  regarded  as  indicating  the  presence  of 
uric  acid,  while  a  yellow  or  brown  color  is  referable  to  xanthin-bases. 
Hopkins'  method  may  also  be  used. 

Garrod'8  Test :  This  test  may  be  advantageously  employed  if  it  is 
merely  desired  to  determine  whether  or  not  large  amounts  of  uric 
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acid  are  present  in  the  blood.  A  few  c.c.  of  blood-serum  (5—10)  or 
of  serous  fluid,  obtained  by  means  of  a  blister,  are  placed  in  a  watch- 
crystal  and  treated  with  from  6  to  10  drops  of  a  30-per-cent.  solu- 
tion of  acetic  acid.  A  thread  of  linen  is  immersed  in  the  fluid,  which 
is  then  kept  at  a  low  temperature  for  from  twelve  to  twenty-four 
hours.  At  the  expiration  of  this  time  a  few  uric-acid  crystals  will 
have  separated  out  upon  the  thread,  if  the  substance  is  present  in 
large  amounts.  The  true  nature  of  these  crystals  may  then  h% 
further  determined  by  the  microscope  and  the  murexid-test.  (See 
Uric  Acid  in  the  Urine.) 

Xanthin-bases. — ^Xan thin-bases  do  not  occur  in  normal  blood,  but 
have  been  encountered  under  pathologic  conditions,  as  in  typhoid 
fever,  lymphatic  tuberculosis,  emphysema,  phthisis  pulmonalis, 
pleurisy,  and  chronic  nephritis. 

The  method  above  indicated  for  the  demonstration  of  uric  acid  in 
the  blood  should  also  be  employed  when  it  is  found  desirable  to  test 
for  these  bodies.     (See  Urine.) 

Fat  and  Fatty  Acids. 

An  increase  in  the  amount  of  fat  which  is  normally  present  in  the 
blood,  to  the  extent  of  0.2-0.;3  per  cent.,  aside  from  that  arising  after 
the  ingestion  of  large  amounts  of  fatty  food,  is  met  with  in  cases  of 
obesity,  chronic  alcoholism,  injuries  affecting  the  long  bones  and  the 
spinal  cord,  in  severe  cases  of  diabetes,  various  hepatic  diseases, 
chronic  nephritis,  tuberculosis,  malaria,  cholera,  etc.  This  increase 
constitutes  the  condition  spoken  of  as  UpnTiiku  The  term  Rpacidtmiia 
has  been  applied  to  the  occurrence  of  volatile  fatty  acids  in  the  blood, 
noteil  by  v.  Jaksch  in  various  febrile  diseases,  leukemia,  and  at 
times  in  diabetes,  in  which  this  condition  is  supposed  to  stand  in  a 
causative  relation  to  the  coma.  /?-oxybutyric  acid  has  been  found 
post  mortem  in  the  blood  in  diabetes. 

To  demonstrate  the  presence  of  fat  in  the  blood  it  is  best  to  pre- 
pare cover-glass  specimens,  and  to  mount  these  in  a  drop  of  a  5-|ier- 
cent.  solution  of  osmie  acid.  The  fat  droplets  are  thus  colored  black, 
and  appear  about  as  large  as  the  finest  fat  granules  which  are  found 
in  milk  or  butter.  They  may  also  be  stained  with  Sudan  III.  and 
are  thus  colored  red.  In  every  case  the  necessary  instruments  and 
glasses  should  be  carefully  cleansed  with  ether,  so  as  to  avoid  an 
accidental  introduction  of  fat. 

To  test  for  fatty  acids  20  to  30  c.c.  of  blood,  obtained  by  means  of 
cupping-glasses,  are  treated  with  an  equivalent  weight  of  sodium 
sulphate  and  boiled.  The  filtrate  is  then  evaporated  to  dryness  and 
extracted  with  absolute  alcohol.  Upon  evaporation  of  this  solution 
fatty  acid  crystals  will  be  obtained,  which  can  be  readily  recognized 
with  the  microscope.     (See  Feces.) 
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Lactic  Acid. 

There  appears  to  be  some  doubt  whether  or  not  lactic  acid  nor- 
mally occurs  in  the  blood  of  man  during  life,  while  after  death  its 
presence  is  fairly  constant,  the  amount  determined  as  zinc  lactate 
varying  between  0.233  and  6.575  p.  m.  In  the  series  of  cases 
studied  by  Irisawa  it  was  impossible  to  account  for  the  great  varia- 
tions in  the  amount  of  lactic  acid  by  the  character  of  the  disease 
causing  the  fatal  termination,  and  it  is  possible  that  the  cause  there- 
fore lies  in  the  fact  that  in  some  cases  the  blood  was  obtained  shortly 
after  death,  while  in  others  many  hours  had  elapsed,  as  Irisawa 
himself  suggests. 

The  following  method  may  be  employed  :  100  to  300  c.c.  of  blood 
are  extracted  with  three  times  its  volume  of  alcohol,  filtered,  and 
the  filtrate  evaporated  to  a  syrupy  consistence.  This  is  then  made 
strongly  alkaline  with  barium  hydrate  and  shaken  with  large  quanti- 
ties of  ether,  in  order  to  remove  the  fats  which  are  present.  The 
residue  is  acidified  with  phosphoric  acid  and  again  shaken  with  ether 
for  twenty  minutes  at  a  time,  until  the  process  has  been  repeated 
five  or  six  times,  the  lactic  acid  passing  over  into  the  ether.  The 
ether  is  distilled  off  from  the  extract,  the  residue  taken  up  with 
water,  and  the  solution  carefully  evaporated  in  order  to  drive  off  any 
ether  still  remaining,  as  well  as  the  fatty  acids.  Carbonate  of  zinc 
is  now  added  and  the  solution  heated  to  100°  C.  and  filtered.  The 
filtrate  is  evaporated  on  the  water-bath  until  crystallization  begins, 
when  it  is  allowed  to  cool  and  treated  with  a  few  drops  of  absolute 
alcohol,  in  order  to  effect  a  complete  separation  of  the  lactate  of  zinc. 
The  solution  is  allowed  to  stand  ex})osed  to  the  air  until  a  constant 
weight  is  obtained. 

From  the  blood  of  living  dogs  Irisawa  was  able  to  obtain  lactic 
acid  in  every  case,  and  it  was  observed  that  the  amount  stood  in  a 
direct  relation  to  the  degree  of  anaemia  produced. 

Biliary  Constituents. 

Biliary  constituents,  t.  e.,  bile-pigment  and  biliary  acids — are  not 
encountered  in  the  blood  under  normal  conditions,  but  are  found 
whenever  they  are  present  in  the  urine  (which  see).  It  is  note- 
worthy, furthermore,  that  bilirubin  may  frequently  be  demonstrated 
in  the  blood  when  a  urinary  examination  in  this  direction  yields 
negative  results.  According  to  v.  Jaksch,  moreover,  bilirubin  occurs 
in  the  blood  in  nearly  every  case  in  which  urobilin  exists  in  the  urine, 
showing  that  bile-pigment  circulating  in  the  blood  is,  in  all  proba- 
bility, transformed  into  urobilin  in  the  kidneys. 

A  cholcemia  is  encountered  in  the  various  pathologic  conditions 
M'hich  are  associated  with  a  resorption  of  bile,  as  in  obstructive  jaun- 
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dice,  in  association  with  an  excessive  elimination  of  bile  into  the  in- 
testinal canal,  as  well  as  with  an  increased  destruction  of  red  cor- 
puscles. 

In  order  to  test  for  biliary  acids  the  blood  is  first  treated  with 
alcohol,  in  order  to  remove  the  proteids.  The  biliary  acidsi  which 
are  present  in  the  filtrate  are  next  transformed  into  their  lead  salts 
by  means  of  acetate  of  lead  and  ammonia,  and  thus  precipitated. 
After  washing  with  water  the  precipitate  is  boiled  with  alcohol  and 
filtered.  The  lead  salts  are  decomposed  by  means  of  sodium  carbo- 
nate, the  solution  is  again  filtered,  the  filtrate  evaporated  to  dryness, 
and  the  residue  extracted  with  absolute  alcohol.  The  alcohol  is  dis- 
tilled off',  when  the  biliary  salts  of  sodium  will  crystallize  out  or  re- 
main l^ehind  as  an  amorphous  mass,  which  may  be  tested  directly 
according  to  Pettenkofer's  method.  To  this  end  some  of  the  residue 
is  dissolved  in  water  and  treated  with  two-thirds  of  its  volume  of 
concentrated  sulphuric  acid,  care  being  taken  that  the  temperature 
does  not  rise  beyond  60°  C.  To  this  mixture  a  few  drops  of  a  20- 
per-cent.  solution  of  cane-sugar  are  added,  when  in  the  presence  of 
biliary  acids  a  beautiful  violet  color  is  obtained,  which  is  referable  to 
the  action  of  furfurol,  formed  from  the  ciine-sugar  and  the  acid,  upon 
the  biliary  acids. 

Bilirubin  can  be  demonstrated  in  the  blood  most  readily  in  the 
following  manner:  10  to  15  c.c.  of  blood  obtained  by  means  of 
cupping-glasses,  are  allowed  to  coagulate,  when  the  serum  is  re- 
moved by  means  of  a  pipette,  filtered  through  asbestos,  and  coagu- 
lated in  as  thin  a  layer  as  possible,  at  a  temperature  of  80°  C. 
Under  such  conditions  normal  scrum  will  present  a  light  straw  color, 
while  in  the  presence  of  biliary  coloring-matter  a  light-greenish 
color  is  obtained,  which  becomes  grass-green  on  standing.  Should 
the  serum  contain  haemoglobin,  as  in  cases  of  haemoglobimemia,  a 
brownish  color  results. 

Acetone. 

Acetone  has  been  found  in  the  blood  in  considerable  amounts 
under  various  pathologic  conditions,  and  especially  in  fevers. 

In  order  to  demonstrate  its  j)resence  the  blood  is  first  extracted 
with  ether  and  subsecjuently  distilled,  wlien  the  distillate  is  tested  as 
indicated  elsewhere.     (See  A(»etonuria.) 

Ikixnif/c^a  ted  may  also  be  employed,  and  has  the  advantage  of 
greater  simplicity  :  Tliree  cubic  centimetres  of  blood  are  treated 
with  about*  oO  c.c.  of  I)ennige\s  reagent  and  left  to  stand,  until 
the  dark  brown  })recipitate  has  settled  to  the  bottom.  The  super- 
natant fluid  is  filtered  off',  and  treated  with  a  little  more  of  the 
reagent,  so  as  to  insure  conijMe  precipitation.  It  is  then  acidified 
with  sulphuric  acid  and  heated  as  described.     The  formation  of  a 
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white  precipitate,  which  is  soluble  in  an  excess  of  hydrodiloric  acid, 
is  referable  to  acetone  or  diacetic  add. 


MICROSCOPIC  EXAMIHATIOH  OF  THE  BLOOD. 

The  Bed  Corpuscles. 

VariatioiLS  in  the  Sixe  of  the  Bed  Corpuscles. — If  a  drop  of 

bliX)d,  most  readily  obtained  from  the  tip  of  a  finger  or  the  lobe  of 
the  ear,  is  examined  with  the  microscope,  a  large  number  of  faintly 
greenish- yellow,  non-nucleated,  circular,  biconcave  disks  will  l>e  ob- 
served :  the  red  corpuscles,  or  erythrocytes  of  the  blood  (Plate  II., 
Fig.  1,  a). 

Under  normal  conditions  variations  in  the  size  of  the  red  corpuscles 
are  observed,  and  Hayem  distinguishes  between  corpuscles  of  aver- 
age size,  measuring  from  7.2  /i  to  7.8//  in  diameter,  small  corpuscles, 
presenting  an  average  diameter  of  from  6  //  to  6.o  //,  and  large  cor- 
puscles, measuring  from  8.5  fi  to  9  n. 

In  certain  disea.ses  which  are  acccompanied  by  a  marked  oligo- 
cythiemia  both  abnormally  small  and  large  corpusc*les  are  encoun- 
tered, which  have  been  termed  microciftei<  and  macrociftej<,  res|)ectively. 
The  former  measure  from  3.5  //  to  6  //,  the  latter  from  9.5  ft  to  1 2  /i 
in  diameter.  Still  larger  forms,  the  m/r/aloci/fefty  or  giant  corpuscles 
of  Hayem,  are  also  seen  at  times,  in  which  the  diameter  measures 
from  10  /i  to  16  /i.  These  latter  are  of  especial  interest,  as  their 
presence  in  large  numbers  appears  to  be  confined  almost  entirely  to 
the  blood  of  pernicious  anaemia.  In  chlorosis  they  are  far  less 
common. 

The  terms  microcythcemia  and  maeroci/thjccmla  have  been  applied  to 
conditions  in  which  the  smaller  or  the  larger  forms  respectively,  pre- 
dominate in  the  blood.  While  there  appears  to  be  no  doubt  that  a 
true  macrocythaemia  exists  in  the  circulating  blood  in  various  fonns 
of  anaemia,  and  while  microcytes  also  may  occur,  as  such,  in  the  cir- 
culating blood,  these  are  only  exceptionally  met  with,  the  ordinary 
microcytha?mic  condition,  according  to  Hayem,  being  artilicially 
produced  during  the  preparation  of  the  specimen,  so  that  this  irrtu 
really  conveys  a  wrong  impression,  and  should  be  discarded.  Al- 
though admitting  the  correctness  of  Hayem's  view  to  a  certain  (U'^rrvi', 
there  can  l)e  no  doubt  that,  under  pathologic  conditions,  abnorniMlly 
small  red  corpuscles  are  quite  constantly  met  with  in  hirjrc  number**, 
be  they  pre-existent,  as  such,  in  the  circulating  blood,  or  |»rodiiccd 
artificially  during  the  preparation  of  the  specimen.  Tlicy  are  thiiH 
seen  accompanying  the  condition  of  macrocytlnemia,  in  pernicioiiH 
anaemia,  leukaemia,  the  pseudo-leukjemic  condition  of  ejiildreri.  Mm 
various  severe  forms  of  anaemia  in  genend,  and  oven  in  rhloronin 
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Variations  in  the  Form  of  the  Red  Corpuscles. — ^Going  band  in 

hand  with  variations  in  the  size  of  the  red  corpuscles  are  variations 
in  form  which  affect  not  only  the  microcytes  and  macrocytes,  but  also 
the  corpuscles  of  normal  size  (Plate  II.,  Fig.  1,  6).  Corpuscles 
are  thus  seen  which  resemble  a  flask,  a  kidney,  a  biscuit,  a  boat,  a 
balloon,  a  dumb-bell,  an  anvil,  etc.,  while  others,  again,  are  so  ir- 
reguhir  in  appearance  that  it  is  impossible  to  compare  them  with  any 
known  object.  Very  characteristic  also  are  the  oval  red  corj>uscles, 
which  are  so  commonly  seen  in  |x»rnicious  ansemia.  Esj>ecially  in- 
teresting is  the  fact  that  such  corpuscles  may  manifest  certain  move- 
ments, in  the  fresh  preparation,  and  that  they  have  been  mistaken  at 
times  for  amoebae  and  similar  organisms. 

The  term  poikiloet/tosi^  has  l)een  applied  to  alterations  both  in  the 
size  and  in  the  form  of  the  rwl  corpuscles.  This  condition  may  be  ob- 
served in  the  various  forms  of  anaemia,  and  is  especially  pronounced  in 
IKjrnicious  anaemia,  of  which  diseaise  it  was  once  thought  to  be  pathc^- 
nomonic.  In  chlorosis,  poikilocytosis  is  usually  only  seen  in  the  most 
severe  cases,  and  particularly  in  those  manifesting  a  tendency  toward 
thrombosis  and  emlK)lism. 

Variations  in  the  Number  of  the  Red  Corpuscles. — The  num- 
ber of  red  corpuscles  in  the  blood  of  healthy  individuals  is  fairly 
constant,  and  the  statement  generally  found  in  text-books  that  5,- 
000,000  to  5,500,000  are  contained  in  every  cbram.  of  blood  in  the 
adult  male  and  4,500,000  in  the  adult  female  is  fairly  accurate. 

A  somewhat  higher  average  is  found  among  people  living  at  a 
considerable  elevation  above  the  sea  level,  and  it  is  interesting  to 
note  that  an  increase  in  the  number  occurs  whenever  a  change  in  the 
habitation  is  made  from  a  lower  to  a  higher  level.  This  increase  is 
very  frequently  most  marked,  as  is  apparent  from  the  following 
table,  taken  from  Ehrlich  : 

Altitude.  Increase  of. 

661  m 800,000 

700  m 1,000,000 

1,800  in 2,000,000 

4,892  m 3,000,000 

A  corresponding  diminution  occurs  when  the  change  is  made  from 
a  higher  to  a  lower  level. 

An  apparent  increase  in  the  number  of  red  corpuscles  may  he  met 
with  in  all  those  conditions,  in  which  a  concentration  of  the  blood, 
as  a  wliole,  occurs,  as  in  profuse  diarrhoea,  vomiting  and  sweating, 
in  connection  with  the  rapid  accumulation  of  serous  effusions,  dur- 
ing starvation,  viz,  the  withdrawal  of  liquids,  etc.  In  such  cases 
counts  of  <>,000,000  and  more  may  be  obtainal.  There  are  still 
other  conditions,  however,  in  which  an  apparent  increase  in  the  num- 
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ber  of  the  red  corpuscles  occurs,  and  in  which  this  increase  is  not  due 
to  a  concentration  of  the  blood  as  a  whole.  This  is  notably  the  case 
in  diseases  of  the  adrenal  glands,  where  counts  of  6,000,000  and 
7,000,000  have  been  repeatedly  obtained,  although  the  color  index 
of  the  individual  corpuscles  is  distinctly  subnormal.  The  supposi- 
tion is  that  in  such  cases  a  stasis  of  large  quantities  of  the  blood 
occurs  in  the  abdominal  viscera,  leading  to  oligsemia  of  the  j)eriph- 
eral  organs.  But  in  consequence  of  the  fact  that  the  amount  of 
plasma,  which  is  available  for  the  nutrition  of  these  parts,  a)rre- 
sponds  to  a  smaller  amount  of  blood,  a  localized  concentration  occurs, 
of  which  the  polycythaemia  is  the  outcome. 

An  increase  is  further  observed  in  diabetes,  but  is  not  depend- 
ent upon  a  concentration  of  the  blood,  as  it  may  also  be  seen  follow- 
ing an  increased  ingestion  of  fluids,  as  well  as  while  fasting.  While 
there  can  thus  be  no  doubt  that  a  polycythaemia  may  occur,  experi- 
ments have  demonstrated  almost  exclusively  that  such  a  condition 
does  not  exist  in  what  is  generally  spoken  of  as  true  plethora,  and 
that  the  various  symptoms  of  plethora,  formerly  attributed  to  an  in- 
crease in  the  total  amount  of  blood,  or  of  the  red  corpuscles,  are  ref- 
erable, more  likely,  to  vasomotor  disturbances. 

A  diminution  in  the  number  of  red  corpuscles,  on  the  other  hand, 
is  more  frequently  observed ;  it  may  be  temporary,  or  permanent. 
An  oligocythsemia  is  obser\*ed  in  various  forms  of  anaemia,  of  what- 
ever origin,  and  the  number  may  fall  to  360,000  and  even  lower  in 
fatal  cases.  In  pernicious  ansemia  the  lowest  figures  have  l>een 
noted,  and  Quincke  cites  a  case  in  which  just  before  death  only 
143,000  red  corpuscles  were  counted  in  the  cbmm. 

When  the  ansemia  is  progressive  the  body  ap[>arently  iKHXimes 
habituated  to  the  diminution  in  the  numVxfr  of  the  red  coq)Usc*les,  and 
it  is  surprising  to  find  individual  attending  U)  the  duties  of  everyday 
life  with  a  blood  count  of  only  2,0W>,000,  or  even  les?*.  It  is  not 
uncommon  even  to  meet  with  cases  of  pernicious  amemia  in  ho<fpitals 
in  which  the  pmtients  with  only  500,000  corpuscles  have  not  l>een 
obliged  to  go  to  bed.  Nevertheless  it  mu:^  be  admitted!  tliat,  when- 
ever the  number  fidls  below  this  figure,  recovery  is  prol>ably  out  of 
the  question.  A  sudden  reduction  in  their  number  to  1 />(Xi,0(^K), 
moreover,  is  usualiv  followed  bv  a  fatal  result- 

In  chlorosis  the  oligocythemia  is  generally  m>t  marked.  C  alxit  thus 
found  4,050,0<X>  red  corpuscles  per  cbmm.  a*  the  average,  in  his  we- 
ries  of  77  cases — in  iifber  words,  nearlv  normal  valuer???-  At  tim^fH, 
however,  cases  are  met  with  in  which  tl*e  diminution  of  th<'  n^l  <?or- 
pusele  almost  keeps  step  with  the  diminution  in  the  amount  of 
haemoglobin.  Hayem  thu*  mentionji  an  in^tam^e  of  rhlon^i**,  in 
which  only  937,360  were  counted  in  tlie  cbmm.  Su^-h  /a^fji,  of 
course,  are  rare. 


58  THE  BLOOD. 

In  leukaemia  a  more  than  moderate  oligocythaemia  is  likewise  not 
the  rule,  and  more  common  in  the  lymphatic  than  in  the  myeloge- 
nous form.  The  average  figures,  which  Cabot  gives,  are  2,730,000 
and  3,120,000  respectively. 

In  Hodgkin's  disease  a  marked  diminution  is  also  unusual. 

In  the  secondary  anaemia,  even  in  advanced  cases,  the  oHgocy- 
thsemia  may  not  be  very  marked,  excepting  the  anaemias  of  infancy 
and  early  childhood,  following  profuse  hemorrhages,  in  malaria  and 
in  acute  septicaemia. 

The  post-typhoid  anaemia  is,  as  a  rule,  not  very  severe,  but  ex- 
ceptional cases  occur  in  which  the  diminution  in  the  number  of  the 
red  corpuscles  is  considerable.  Osier  thus  cites  an  instance  in  which 
the  numl)er  fell  to  1,300,000  j)er  cubic  millimetre. 

Very  important  is  the  fact  that  in  acute  gastritis  and  usually  in 
chronic  gsistritis,  also,  the  number  of  red  corpuscles  is  not  dimin- 
ished, while  in  carcinoma  a  marked  oligocythsemia  exists.  In  the 
severer  forms  of  chronic  gastritis  a  diminution  is  fairly  constant,  but 
rarely  so  markecl  as  in  carcinoma,  if  we  except  those  cases  of  gas- 
tric anadeny  which  present  the  clinical  picture  of  a  pernicious  anaemia. 
In  ulcer  of  the  stomach  normal  values  are  found  unless  haematemesis 
has  recently  occurred  or  unless  the  disease  is  associated  with  pro- 
found chlorosis. 

Variations  in  the  Color  of  the  Red  Corpuscles. — As  the  intensity 
of  the  color  of  the  individual  corpuscle  depends  upon  the  amount  of 
haemoglobin  which  it  contains,  and  is  more  marked  along  the  pe- 
riphery than  in  the  centre,  a  deficiency  of  haemoglobin  may  be  recog- 
nized at  once.  In  a  moderate  grade  of  anaemia  the  entire  corpuscle 
will  thus  appear  paler  than  normally,  and  the  pallor  will  natunilly 
be  more  marked  in  the  centre.  In  the  severer  forms  this  becomes 
still  more  apparent,  and  corpuscles  may  then  be  met  with,  in  which 
a  narrow  rim  of  haemoglobin  can  only  be  discerned  along  the  pe- 
riphery, while  the  centre  appears  colorless.  Such  forms  have  very 
appropriately  been  compared  to  pessaries  and  are  hence  spoken  of  as 
"  pessary  forms.'*  This  appearance  can  be  readily  made  out  upon 
examination  of  a  fresh  specimen,  but  is  especially  marked  in  stained 
preparations. 

Curiously  discolored  red  corpuscles,  presenting  a  bronzed  appear- 
ance, are  frequently  observed  in  malarial  blood.  Their  presence 
should  always  excite  suspicion,  and  lead  to  a  careful  examination  for 
malarial  organisms.  The  discoloration  is  in  all  probability  evidence 
of  a  degenerative  process. 

Behavior  toward  Anilin  Dyes. — Under  normal  conditions  the 
red  corpuscles  can  only  be  stained  with  acid  dyes,  such  as  eosin, 
orange  G,  and  others.  In  various  forms  of  anaemia  on  the  other 
hand  this  property  is  lost  to  a  greater  or  less  extent,  while  a  certain 
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affinity  for  basic  stains  becomes  manifest.  This  is  readily  seen  in 
blood  specimens,  which  have  been  taken  from  cases  of  chronic  anaemia, 
and  have  been  stained  with  haemotoxylin-eosin  or  eosin-methylene  blue 
(see  pp.  71  and  73).  In  such  preparations  the  majority  of  the  red 
corpuscles  will  be  stained  a  pure  eosin,  but  individual  corpuscles  will 
also  be  seen  in  which  the  blue  tint  of  the  haematoxylin  is  more  or  less 
apparent.  In  some  a  blue  tint  can  thus  be  made  out  only  indistinctly, 
while  others  show  a  very  manifest  bluish-red  color,  and  still  others 
are  stained  a  reddish-blue.  Similar  pictures  are  obtained  with 
Ehrlich's  tri-acid  stain,  but  are  not  as  well  defined.  This  altered 
behavior  of  the  red  corpuscles  toward  the  anilin  dyes  has  been 
ascribed  to  certain  degenerative  processes,  which  take  place  in  the 
red  bUxxl-corpuscles,  and  the  phenomenon  has  hence  been  termed 
anccmic  or  polychroniaiophilic  degeneration. 

As  I  have  already  indicated  this  degeneration  is  observed  in  various 
forms  of  aniemia,  and  may  affect  not  only  the  non-nucleated,  but  also 
the  nucleated  red  corpuscles,  and  especially  the  megaloblasts  (see 
p.  61).  The  peculiar  coppery  tint  of  some  of  the  red  corpuscles, 
which  is  so  frequently  observed  in  malarial  blood,  is  probably  also 
referable  to  this  origin. 

Very  interesting  and  important  is  the  obser\'ation  of  Bremer,  that 
a  distinct  difference  exists  in  the  affinity  of  diabetic  blood  for  certain 
anilin  dyes,  as  compared  with  non-diabetic  blood.  For,  whereas 
non-diabetic  blood  is  readily  stained  with  Congo-red,  methyl-blue, 
eosin,  etc.,  diabetic  blood  is  distinctly  refractory,  while  such  dyes  as 
Biebrich-scarlet,  which  readily  stain  the  diabetic  blood,  do  not  color 
non-diabetic  blood.  Upon  this  peculiarity  in  the  behavior  of  the 
red  corpuscles  Bremer's  diabetic  blood  test  is  based. 

Method  :  A  drop  of  blood  of  moderate  size  is  mounted  on  a  slide 
and  spread  out  in  a  wave-like  manner,  using  the  edge  of  a  second 
slide  for  this  purpose.  A  number  of  such  preparations  are  made,  as 
also  an  equal  number  with  normal  blood  for  control.  These  are  then 
placed  on  the  tray  of  a  drying  oven,  at  a  distance  of  12  centimetres 
from  the  bottom.  The  bulb  of  the  thermometer  is  fixwl  at  the  same 
level.  The  temperature  is  then  rapidly  raised  to  about  \'M)^  C,  when 
the  flame  is  turned  off.  Care  should  l>e  taken  that  the  tem|)f'ratnre 
thereafter  does  not  exceed  140^  C. ;  the  optimum  lies  at  about  135^ 
C.  The  apparatus  is  then  allowed  to  crjol.  until  the  «pe<rimens  can 
be  conveniently  handled,  when  a  specimen  of  the  ilialxrtic  blofxl  is 
placed  back  to  back  with  a  control-spcrcimen,  and  U^th  are  immer?*fr<l 
in  the  staining  fluids  To  this  ewl  a  one-j)er-cent.  aqiie^^us  ^»lution 
of  Congo-red,  which  should  alway??  be  ma^le  up  freshly,  whffi  re- 
quired, is  very  convenient.  After  exprr^nrrr  for  frr>m  one  anri  a-half  to 
two  minutes,  the  specimens  are  rinsed  in  water  awl  drif-^l  with  filter 
paper.     It  will  then  be  seen  that  the  non-<lialj»etie  hhifA   i-  .^itairM-^I 
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the  color  of  Congo-red,  while  the  diabetic  blood  is  either  not  stained 
at  all,  or  merely  presents  an  orange  color. 

Other  stains  may  also  be  employed,  such  as  a  one-per-cent  aqueous 
solution  of  mothyl-blue  or  Biebrieh  scarlet,  or  Ehrlich's  tri-acid  stain 
and  others.  When  using  methyl-blue,  analogous  results  are  obtained 
as  with  Congo-red.  With  Biebrieh  scarlet,  on  the  other  hand,  the 
diabetic  blood  takes  up  the  color,  while  the  non-diabetic  specimen 
proves  refractory.  If  Ehrlich's  stain  is  employed  an  exposure  to  the 
stain  for  from  two  to  five  minutes  is  necessary ;  the  diabetic  speci- 
men is  stained  orange,  the  non-diabetic  blood  violet. 

Very  pretty  pictures  are  also  obtained  with  the  following  method  : 
Tlie  preparations  are  first  stained  for  from  one  and  a-half  to  two 
minutes  in  a  one-per-cent.  aqueous  solution  of  methyl-green.  Upon 
washing  it  will  ba  seen  that  both  specimens  are  colored  green,  but 
the  diabetic  blood  more  markedly  so,  than  the  other.  Both  are  then 
immersed  for  from  eight  to  ten  seconds  in  a  ^-per-cent.  aqueous  so- 
lution of  eosin,  when  the  diabetic  blood  remains  green,  while  the 
non-diabetic  specimen  is  colored  eosin.  Analogous  results  are 
obtained  with  methylene  blue  and  eosin. 

Success  in  these  examinations  depends  essentially  upon  the  proper 
degree  of  temperature  during  the  process  of  fixation.  But  care 
should  also  be  had  not  to  leave  the  specimens  in  the  staining  solu- 
tion longer  than  indicated,  and  to  quickly  rinse  in  water  and  dry. 

I  have  used  this  method  in  ten  cases  of  diabetes  with  very  satis- 
factory results,  and  have  likewise  obtained  a  positive  reaction  at 
times,  when  the  sugar  had  temporarily  disappeared  from  the  urine. 
As  a  control  to  the  urinary  examination  the  method  is  certainly  of 
value  and  may  possibly  prove  even  more  important. 

Regarding  the  nature  of  the  substance  in  diabetic  blood,  which  is 
responsible  for  this  peculiar  behavior,  little  is  known,  but  it  appears 
certain  that  the  reaction  is  not  dependent  upon  the  presence  of  glu- 
cose nor  upon  the  degree  of  alkalinity  of  the  blood,  as  suggested  by 
L6pine  and  Lyonnet.  Bremer's  claim  that  the  reaction  is  pathogno- 
monic of  diabetes  and  glycosuria,  and  may  even  yield  positive  results 
in  the  pre-diabetic  stage  of  the  disease,  and  when  the  sugar  has 
temporarily  disappeared  from  the  urine,  has  been  confirmed  in  all 
essential  points,  both  in  this  country  and  abroad.  A  few  interesting 
exceptions,  however,  have  been  noted.  In  animals,  for  example,  in 
which  glycosuria  has  been  artificially  produced  by  means  of  phlorrhi- 
zin,  the  reaction  does  not  occur,  whereas  in  phloroglucin-diabetes, 
positive  results  are  obtiiined.  In  Bremer's  entire  series  of  diabetic 
cases,  a  negative  result  was  obtained  but  once,  and  in  this  instance 
he  believes  that  the  diabetes  was  of  the  renal  type,  and  analogous  to 
the  phlorrhizin-diabetes  of  animals.  He  suggests  that  it  may  thus 
be  possible  to  diiferentmte  this  form  from  the  hajmatogenic  variety, 


^^^^^^r                    PLATE 

^^^^^M 

B>^^^ 

1                       ^®     1 

^M                                   The    Blood  of   Pern 

liclous    AnEeinia.                    ^^^^| 

^H              N«<  <<)  thi  vu)iU»D<  in  tht  ««  uid  ro™  of  the  nd  coipuKlcs:    i4'i  ib<  nuiciKr  of  ]iiiliiil»iilWi^^B 
^H       Lurpluclu.    IDiuKb  Mnil  Umh.  Ey>-pi«<  i  iiiL)i.  ul,jec'l«.  '•■•ih.}                                                                   ^^M 

MICROSCOPIC  EXAMINATION  OF  THE  BLOOD,  Gl 

using  the  latter  term  in  the  widest  sense  of  its  meaning.  Lupine  and 
Lyon  net  report  a  positive  result  in  one  case  of  leuksemia,  but  Bremer 
believes  this  to  have  been  referable  to  faulty  technique. 

Oranular  Degeneration  of  the  Red  Corpuscles. — In  certain  dis- 

causes,  notably  in  pernicious  anaemia,  leuksemia,  severe  septic  infec- 
tions, tuberculosis,  carcinoma,  malaria  and  syphilis,  associated  ^\^th 
cachexia,  following  profuse  hemorrhages,  in  chronic  lead  poisoning, 
when  associated  with  intestinal  symptoms,  etc.,  red  corpuscles  have 
been  encountered,  which  contain  basophilic  granules  in  variable 
numbers.  They  can  be  readily  demonstrated  by  staining  with  Jen- 
ner^s  stain  or  with  Ehrlich's  hiematoxylin-eosin  solution,  and  appear 
as  intensely  blue  granules  of  variable  size  and  form.  While  the 
majority  are  round,  others  are  rod-like  or  biscuit-shaped  and  fre- 
quently arranged  in  pairs,  resembling  gonococci  in  appearance.  As 
a  general  rule  they  are  seen  in  the  interior  of  red  bloixl-corpuscles, 
but  I  have  also  found  them  free  in  the  plasma  (Plate  III.).  Gra- 
witz  states  that  he  has  observed  these  granules  in  cells  of  normal 
size  and  coloration,  but  that  they  also  occur  in  megalocytes,  micro- 
cytes,  small  poikilocytes  and  even  in  nucleated  red  corpuscles. 
Some  of  the  cells  were  undergoing  polychromatophilic  degeneration. 
As  a  result  of  his  investigations  he  concludes  that  the  occurrence  of 
these  granules  is  not  referable  to  a  process  of  nuclear  destruction,  as 
Ehrlich  and  Engel  suggest,  as  nucleated  red  corpuscles  are  not  nec- 
essarily present  at  the  same  time,  and  as  granular  red  cells  are  not 
found  in  the  bone-marrow,  even  in  individuals,  where  they  were 
numerous  in  the  circulating  blood.  He  is  therefore  inclined  to  re- 
gard their  occurrence  as  indicating  some  degenerative  process  in  the 
haemoglobin,  and  has  termed  this  "  granular  degeneration." 

Schmauch  has  observed  similar  appearances  in  the  blood  of  cats, 
and,  like  Engel,  who  found  them  in  the  blood  of  early  cat-embryos, 
l)elieves  that  they  are  referable  to  karyolysis. 

I  have  seen  the  same  granules  in  the  red  corpuscles  in  a  case  of 
pernicious  ansemia  and  one  of  lymphatic  leuktemia,  but  have  not 
been  able  to  convince  myself  that  a  relation  exists  between  their  ap- 
pearance and  nuclear  destruction.  In  the  case  of  pernicious  anaemia 
I  found  them  extremely  numerous  and  usually  in  cells,  which  pre- 
sented a  well  marked  polychromatophilic  degeneration.  To  my 
mind  they  are  unquestionably  indicative  of  cell  destruction,  but,  like 
Grawitz,  I  do  not  believe  that  the  polychromatophilia  represents  an 
early  stage  of  granular  destruction. 

Nucleated  Red  Corpuscles. — Three  varieties  of  nucleated  red 
corpuscles  may  be  seen.  For  their  study,  however,  dried  and  stiined 
preparations  are  indispensable,  as  the  nuclei  can  scxircely  be  made  out 
in  fresh  specimens. 

1.  Normoblasts:  These  are  nucleated  red  corpuscles  of  the  size* 
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of  an  ordinary  red  corpuscle,  and  appear  to  be  identical  with  those 
normally  found  in  the  bone-marrow  of  adults.  The  nucleus,  which 
frequently  shows  signs  of  undergoing  division,  is  usually  located 
centrally,  although  an  excentric  position  may  also  occur.  They  are 
further  characterized  by  the  great  avidity  with  which  the  nuclei  take 
up  the  nuclear  dyes  (Plate  II.,  Fig.  2,  Plates  III.  and  IV.). 

Free  nuclei,  which  are  undoubtedly  also  derived  from  normoblasts, 
may  likewise  be  seen  in  the  blood. 

Normoblastic  red  corpuscles  are  quite  constantly  found  in  all 
forms  of  severe  anajmia,  whether  this  be  the  result  of  traumatism,  of 
inanition,  or  organic  disease.  In  the  acute  anaemias  they  are  apt  to 
be  most  numerous,  but  even  in  the  chronic  forms  and  in  cachectic 
conditions  specimens  of  blood  may  be  obtained,  in  which  one  or  more 
are  seen  in  almost  every  field.  In  his  recent  work  on  Anaemia 
Ehrlieh  cites  a  aise  of  hemorrhagic  ansemia,  reported  by  v.  Noorden, 
in  which  temporarily  the  normoblasts  were  so  numerous,  while  hyper- 
leucocytosis  existed  at  the  same  time,  that  the  blood  closely  resembled 
that  seen  in  myelogenous  leukaemia.  As  this  condition  was  associated 
with  an  increase  of  the  red  corpuscles  to  almost  double  their  original 
number  v.  Noorden  very  aptly  termed  it  a  "  blood  crisis." 

For  the  accurate  determination  of  a  blood  crisis  the  following  ex- 
aminations are  necessary  : 

a.  A  determination  of  the  absolute  number  of  the  red  corpuscles. 

b.  A  determination  of  the  ratio   l)etween  the  white  and  red  cells. 

c.  A  determination  of  the  ratio  between  the  nucleated  red  and 
white  cells,  in  dried  specimens,  with  the  aid  of  the  quadratic  ocular 
diaphragm. 

Example  :  Supposing  that  in  a  given  case  3,500,000  red  corpus- 
cles are  found  in  the  cbmm.,  while  the  ratio  of  the  white  to  the  red 
corpuscles  is  1  :  100,  and  that  of  the  nucleated  re<l  to  the  white  1:10; 
3,500  nucleated  red  corpuscles  must  hence  be  present  in  every  cbmm. 
of  blood,  /.  e,y  one  for  every  thousand  normal  red  corpuscles. 

Whenever  the  number  of  red  corpuscles  falls  below  1,500,000  and 
normoblastic  cells  are  not  present,  the  disease  will  probably  end 
fatally. 

2.  Megaloblasts  :  These  l)odies  are  from  two  to  four  times  as  large 
as  the  normal  red  corpuscles,  and  are  provided  with  a  large  nucleas, 
which,  according  to  Ehrlieh,  never  shows  signs  of  undergoing  division, 
and  does  not  stain  nearly  so  deeply  as  the  normoblastic  nucleus 
(Plate  II.,  Fig.  2,  and  Plate  III.).  In  some  specimens  indeed  the 
affinity  for  nuclear  dyes  is  so  little  marked,  that  at  first  sight  a 
nucleus  can  scarcelv  be  discerned. 

At  times  abnormally  large  megaloblasts  are  seen — the  gigardO' 
bhiHtH  of  Ehrlieh. 

In    contradistinction  to  the  normoblasts,  megaloblasts  are  never 
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id  in  traumatic  aDsemia,  and  even  in  the  chronic  anaemias  of  the 
?rest  grade  they  are  scarcely  ever  seen.  Even  in  leukaemia 
^  are  usually  absent.  In  2)ernicious  anaemia^  on  the  other  hand, 
1  in  the  early  stages  of  the  disease,  they  arc  quite  constantly  pres- 

although  they  are  usually  not  numerous.  As  the  mcgaloblasts 
normally  only  found  in  foetal  bone  marrow,  Ehrlich  views  their 
lence  in  the  blood  as  a  symptom  of  retrogressive  metamorphosis 

of  very  grave  prognostic  import.  The  only  exception  to  this 
oral  rule  is  that  form  of  pernicious  anaemia  which  is  at  times  ob- 
ed  in  association  with  the  presence  of  bothrioccphali  in  the  in- 
inal  tract.  In  one  case  of  this  kind,  reported  by  Askanazy, 
megaloblastic  tyi>e  of  blood  regeneration  disappeared  after  the 
ulsion  of  the  parasites — 67  in  number,  and  was  replaced  by  the 
moblastic  type,  the  case  ending  in  recovery.  From  this  observa- 
i  Askanazy  concluded  that  a  material  difference  does  not  exist  be- 
!en  normoblasts  and  megaloblasts,  and  that  the  former  develop 
n  the  latter.  But,  as  Ehrlich  maintains,  it  is  certainly  more 
ily  that  the  megaloblastic  degeneratiou  of  the  bone  marrow  is  ref- 
ble  directly  to  the  action  of  certain  toxins,  and  that  such  a  rela- 
1  between  the  normoblasts  and  mcgaloblasts,  as  Askanazy  as- 
aes,  does  not  exist. 

i.  Microblasts:  These  are  unusually  small  nucleated  red  corpuscles, 
1  only  rarely  observed.  They  have  been  found  in  cases  of  trau- 
tic  anaemia,  but  have  so  far  attracted  but  little  attention. 

The  Leucocjrtes. 

The  leucocytes,  or  white  corpuscles  of  the  blood,  as  seen  in  freshly 
'pared  specimens,  are  roundish  or  irregularly  shajied  cells  and 
stly  larger  than  the  red  corpuscles.  They  arc  nucleated,  and 
ay  are  distinctly  granular  in  appearance,  so  much  so,  in  fact,  that 

nuclei  are  often  hidden  from  view  (Plate  II.,  Fig.  1,  a).  In  a 
efully  spread  specimen  some  leucocytes  will  be  met  with  which 

endowed  with  the  power  of  locomotion,  creeping  over  the  field  of 
ion  by  throwing  out  pseudopodia,  in  a  manner  analogous  to  that 
a  in  amoebae.  In  their  general  mode  of  living  the  motile  leuco- 
es,  moreover,  closely  resemble  amoeba?,  and  it  is  most  interesting 
observe  the  manner  in  which  these  little  bodies  take  up  (cellular 
ris,  and  even  obnoxious  organisms  that  may  be  present  in  the  blood, 
malarial  blood,  for  example,  in  which,  as  will  be  shown  later,  ccr- 
i  amoebic  parasites  arc  present,  one  is  frequently  able  to  observe 
x)cytes  approach  these  bodies  and  take  them  up  into  their  interior 
g.  13).  Metsclinikoff  regards  this  function  of  the  leucocytes  as 
ir  most  important  one.  Those  leucocytes  which  possess  this 
rer  of  removing  foreign  matter  from  the  blood  he  has  termed 
gocyteAy  and  according  to  his  views  the  outcome  of  a  bacterial  in- 
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vaaion,  figuratively  speaktDg,  will  depend  upon  the  superiority  of 
the  oi^nisms  engaged  in  warfare.  The  term  phogocytoitis  has  been 
applied  to  the  destruction  of  micro-organiBins  by  leucocytes. 

General  Differentiation  of  the  Various  Forms  of  Leucocytes. 
— Upon  onlinary  microscopic  examination  three  varieties  of  leuwi- 
cytes  can  he  distinguished  (Plate  II.,  Fig.  1,  a).  Some  are  niirad, 
smaller  than  the  red  corpuscles,  and  provided  with  a  large  round 
nucleus,  which  is  surrounded  with  a  very  narrow  rim  of  non-granular 
protoplasm.     Others  are  met  with  which  are  likewise  round,  of  the 


size  of  an  ordinary  rod  corpuscle,  or  somewhat  larger,  and  contain  a 
large  single  nucleus  wliicli  is  surrounded  by  a  wider  zone  of  non- 
granular protoplasm.  The  largest  cells,  the  bodies  of  which  are 
filled  with  granular  material,  often  hiding  the  nucleus  from  view, 
are  representatives  of  the  thini  variety. 

U(K)n  fnrther  examination  differences  may  also  l)e  demonstrated 
in  the  cliaracter  of  the  granulations.  Some  leucocytes  will  thus  be 
observed  in  which  these  are  vor\-  fine,  giving  the  entire  body  of  the 
cell  a  somewhat  cloudy  apiK'arance,  and  usually  obscuring  the  nu- 
cleus.    This   may  be   brought  into  view,  however,  by  treating  the 
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preparation  >vith  a  drop  or  two  of  a  one-per-cent.  solution  of  acetic 
acid.  On  the  other  hand,  very  coarse  granulations  may  be  observed 
in  certain  leucocytes,  while  still  others,  as  already  pointed  out,  are 
apparently  non-granular. 

Ehrlich,  in  studying  these  various  granulations  in  their  behavior 
toward  anilin  dyes,  found  that  different  chemical  affinities  exist  be- 
tween these  minute  particles  of  protoplasm  and  the  reagents  era- 
ployed.  Some  are  thus  only  colored  by  acid  dyes,  others  again  only 
by  those  of  a  basic  nature,  while  still  others  are  stained  only  by 
neutral  dyes.  These  observations  are  of  the  greatest  importance 
from  a  clinical  stand{)oint,  and  have  indeed  revolutionized  the  entire 
field  of  hcematology. 

The  Anilin  Dyes. — Ehrlich  divides  the  acid  dyes  derived  from 
coal-tar  into  two  large  groups :  /.  e.,  into  dyes  w^hich  will  color  cer- 
tain granulations  even  when  employed  in  concentrated  solutions  of 
glycerine,  and  into  those  which  can  only  be  employed  in  aqueous  so- 
lutions. 

The  first  group  comprises  : 

(1)  The  highly  acid  bodies  belonging  to  the  fluorescin  series,  viz, 
eosin,  methyl-eosin,  erythrosin,  coccin,  pyrosin  J  and  R  ;  (2)  the 
highly  acid  nitro-bodies,  such  as  aurantia ;  (3)  the  two  groups  of 
sulpho-acids,  i,  e,,  indulin,  bengalin,  and  nigrosin,  on  the  one  hand, 
and  the  azo-stains,  tropaeolin,  Bordeaux,  and  Ponceau,  on  the  other. 

The  second  group  comprises  : 

(1)  Fluorescin  and  chrysolin  ;  (2)  ammonium  picrate  and  naph- 
thyl-amin-yellow ;  (3)  orange  and  true  yellow. 

Representatives  of  the  basic  stains  are :  fuchsin  (rosanilin),  the 
methyl  derivatives  of  rosanilin,  viz,  methyl-violet,  methyl-green, 
etc.,  the  phenyl  derivatives  of  rosanilin,  rosonaphthylamin,  cyanin, 
safranin,  etc. 

A.s  an  example  of  a  neutral  stain  there  may  be  mentioned  the  pi- 
crate  of  rosanilin. 

Differentiation  of  the  Lencoc3rtes  According  to  their  Behavior  To- 
ward the  Anilin  Dyes. — According  to  their  behavior  toward  these 
various  pigments  Ehrlich  has  divided  the  granular  leucocytes  found 
in  the  blood  into  eosinophilic,  or  oxyphilic,  basophilic,  and  neutro- 
philic leucocytes.  By  the  aid  of  his  method  the  following  forms 
can  l>e  distinguished  in  the  blood  (Plate  IT.,  Fig.  2,  Plates  III.,  IV. 
and  v.). 

1.  Smal.1.  Mononuclear  Leuhx'Ytbs.  —  These  are  mostlv 
smaller  than  the  red  corpuscles  or  of  equal  size.  They  are  devoid 
of  granular  matter,  each  cell  being  provided  with  a  large,  homoge- 
neous and  uniformly  staining  nucleus,  w  hich  is  surrounded  by  a  nar- 
row rim  of  protoplasm.  In  the  larger  forms  especially,  a  faint 
areola  may  sometimes  be  seen  between  the  nucleus  and  the  proto- 
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plasm,  which  is  probably  owing  to  artificial  retraction.  Nucleus  and 
protoplasm  both  are  basophilic,  but  such  that  with  certain  dyes  the 
protoplasm  is  colored  much  more  deeply  than  the  nucleus.  Within 
the  nucleus  one  or  two  nucleoli  can  sometimes  be  seen.  The  pe- 
riphery of  the  larger  forms  is  usually  shaggy  in  appearance,  and  it 
is  not  uncommon  to  find  particles  of  protoplasm  in  the  circulating 
blood  which  have  apparently  separated  from  this  peripheral  margin. 
In  stained  specimens  the  origin  of  these  particles  may  be  recognized 
from  their  color,  which  coincides  with  that  of  the  parent  corpuscles. 
As  the  protoplasm  of  the  small  mononuclear  leucocytes  bears  no 
affinity  for  acid  or  neutral  dyes,  these  elements  merely  appear  as 
faintly  stained,  apparently  free  nuclei,  in  specimens  colored  with  the 
tri-acid  stain  (see  p.  86).  The  reaction  of  the  protoplasm,  as  shown 
with  the  erythrosin  method,  is  strongly  alkaline  (p.  90).  It  con- 
tains no  glycogen.  At  times,  though  rarely,  an  invagination  of  the 
nucleus  may  be  observed  indicating  the  beginning  division  of  the 
cell.  The  nuclear  figures  which  result,  however,  differ  materially 
from  those  seen  in  the  true  polynuclear  elements.  Abnormally  large 
forms  are  at  times  seen  in  lymphatic  leukaemia,  and  may  even  occur  in 
the  blood  of  normal  infants,  but  it  is  scarcely  likely  that  their  true 
nature  will  be  overlooked,  if  the  characteristics  just  described  are 
borne  in  mind. 

As  the  small  mononuclear  leucocytes  are  practically  only  formed 
in  the  lymph  glands,  they  have  been  termed  lymphogenic  leucocytes 
or  lymphocytes. 

Under  normal  conditions  the  lymphocytes  constitute  from  22  to 
25  per  cent,  of  the  total  number  of  leucocytes. 

Under  pathologic  conditions  the  greatest  absolute  as  well  as  rela- 
tive increase  is  observed  in  cases  of  lymphatic  leukaemia.  A  relative 
increase  occurs  in  healthy  infants,  in  various  diseases  of  infancy, 
notably  those  affecting  the  gastro- intestinal  tract,  in  chlorosis,  per- 
nicious anajmia,  secondary  syphilis,  in  the  late  stages  of  typhoid 
fever,  in  certain  cases  of  Basedow's  disease,  haemophilia,  goitre,  etc. 
(see  also  p.  32). 

2.  Large  Mononuclear  Leucocytes. — These  are  from  two  to 
three  times  as  large  as  the  red  corpuscles,  and  provided  with  a  large 
single  nucleus,  which  is  oval  or  elliptical  in  form,  and  surrounded  by 
a  wide  zone  of  non-granular  protoplasm.  In  specimens,  stained 
with  the  tri-acid  stain,  beginners  are  very  apt  to  overlook  this  form, 
as  the  nucleus  and  particularly  the  protoplasm  are  often  very  faintly 
stained.  The  nucleus  and  protoplasm  are  both  basophilic,  but  the 
latter,  in  contradistinction  to  the  protoplasm  of  the  lymphocytes,  less 
so  than  the  nucleus. 

These  forms  are  by  some  thought  to  represent  a  later  stage  in  the 
development  of  the   small  mononuclear  variety,  but  Ehrlich  still 
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maintains  their  independent  origin  from  the  bone  marrow,  and  to  some 
extent  perhaps  also  from  the  spleen. 

They  occur  in  increased  numbers  in  cases  of  chronic  malaria,  in 
measles,  at  the  end  of  scarlet  fever,  and  in  many  of  the  diseases  in 
which  the  small  mononuclear  elements  are  increased.  I  have  met 
with  a  considerable  relative  increase  of  this  variety  in  one  case  of 
Addison's  disease,  shortly  before  death.  In  one  of  my  patients,  a 
lady  aged  63,  attention  was  first  directed  to  the  existence  of  a  large 
sloughing  epithelioma  of  the  neck  by  the  discovery  of  21  per  cent, 
of  the  large  mononuclear  leucocytes. 

Under  normal  conditions  the  percentage  varies  between  one  and  two. 

3.  Transition  Forms. — These  develop  directly  from  the  large 
mononuclear  leucocytes.  They  are  still  mononuclear,  but  the  nucleus 
is  greatly  invaginated,  indicating  approaching  division.  As  a  gen- 
eral rule  no  granules  are  observed,  but  at  times  they  do  occur,  when 
they  are  neutrophilic  in  character.  In  specimens  stained  with  the 
tri-acid  stain  the  nucleus  is  colored  somewhat  dee{)er  than  in  the 
second  variety. 

Together  with  the  large  mononuclear  elements  they  constitute  from 
two  to  four  per  cent,  of  the  total  number  of  leucocytes. 

4.  The  Neutrophilic  Polynuclear  Leucocytes. — These 
cells  are  a  little  smaller  than  the  large  mononuclear  leucocytes  and 
the  transition  forms,  and  filled  with  very  fine  neutrophilic  granules, 
the  £-granulation  of  Ehrlich.  The  nucleus  is  a  long  lx)dy,  which  is 
twisted  upon  itself  into  irregular  forms,  sometimes  resembling  the 
letters  S,  Y,  E,  and  Z.  At  other  times  it  presents  a  broken  appear- 
ance, conveying  the  impression  as  though  several  nuclei  were  present. 
Hence  their  original  name — polynuclear  leucocytes.  As  Ehrlich  has 
suggested,  however,  the  polynuclear  appearance  is  probably  referable 
to  post-mortem  changes,  the  condition  of  the  nucleus  being  in  reality 
polymorphous.  In  accordance  with  this  view  they  are  hence  also 
spoken  of  as  the  polymorpho-nueJear  neutrophilic  leucocytes.  The 
nucleus  stains  readily  with  all  nuclear  dyes,  while  the  protoplasm 
shows  a  marked  affinity  for  the  greater  number  of  acid  dyes.  Its 
reaction,  as  tested  with  acid  erythrosin,  is  alkaline,  but  less  so  than 
the  protoplasm  of  the  lymphocytes.  In  health  a  glycogen  reaction 
is  not  obtained. 

Ac<»rding  to  some  observers  the  polymorpho-nuclear  neutrophilic 
leucocytes  represent  a  later  stage  in  the  development  of  the  small 
and  large  mononuclear  cells.  Ehrlich,  on  the  other  hand,  insists 
that  the  greater  number  enters  the  blood  from  the  bone-marrow, 
where  they  develop  from  the  mononuclear  neutrophilic  leucocytes — 
the  myelocytes — or  bone-marrow  cells  projier  (which  see,  p.  70),  but 
admits  that  a  small  number  is  derived  directly  from  the  transitional 
forms  in  the  blood  current. 
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In  this  connection  it  is  especially  interesting  to  note  that  while 
basophilic  and  oxyphilic  granules  are  found  in  the  blood  of  all  verte- 
brate animals  the  neutrophilic  granulation  only  occurs  in  man  and 
the  ape. 

Normally  the  polynuclear  neutrophilic  leucocytes  constitute  from 
70  to  72  per  cent,  of  all  leucocytes. 

The  most  common  forms  of  hyperleucocytosis  are  referable  to  an 
increase  in  the  number  of  these  elements  (see  p.  72).  All  pus  cor- 
puscles, moreover,  according  to  Ehrlich,  belong  to  this  class. 

5.  The  Oxyphilic  OR  Eosinophilic  Leucocytes. — In  size  and 
general  appearance  these  cells  resemble  the  polynuclear  neutrophilic 
leucocytes.  But  they  differ  from  these  in  the  absence  of  neutrophihc 
granules,  and  the  presence,  instead,  of  large,  ovoid  or  roundish, 
highly  refractive,  fat-like  granules — the  a-granulation  of  Ehrlich. 
These  granules  only  take  up  acid  dyes,  such  as  eosin  and  acid  fuch- 
sin,  and  the  leucocytes  have  hence  been  termed  oxyphilic  or  eosino- 
philic leucocytes.  Like  the  polynuclear  neutrophilic  leucocytes  they 
are  also  phagocytic. 

According  to  some  observers  the  eosinophilic  leucocytes  represent 
the  senile  stage  in  the  development  of  the  small  mononuclear  leuco- 
cytes. But  Ehrlich  still  regards  them  as  independent  bodies,  formed 
in  the  bone-marrow  from  mononuclear  eosinophilic  cells,  analogous 
to  the  formation  of  the  polynuclear  neutrophilic  leucocytes  from  the 
mononuclear  neutrophilic  cells. 

Normally  the  percentage  of  eosinophilic  leucocytes  varies  between 
two  and  four. 

An  absolute  increase  in  their  number  is  observed  in  all  uncompli- 
cated cases  of  myelogenous  leuka?min,  while  a  relative  increase  is 
inconstant.  Statements  to  the  contrary  have  been  made  by  many 
observers,  but,  as  Ehrlich  suggests,  this  is  undoubtedly  owing  to  a 
confusion  between  the  terms  absolute  and  relative.  According  to 
Zappert  50  to  100  eosinophilic  leucocytes  in  the  cbmm.  of  blood 
should  be  regarded  as  the  lowest  normal  values,  100  to  200  as  the 
average,  and  200  to  250  as  the  highest  normal  figures.  Supposing 
then  that  in  a  given  ease  the  percentage  of  eosinophil es  is  3.5  per 
cent.  This  would  of  course  be  a  perfectly  normal  percentage.  But, 
if  at  the  same  time  the  total  number  of  leucocytes  is  400,000,  it  is 
apparent  at  once  that  we  are  dealing  with  a  considerable  absolute 
increase,  corresponding  in  this  case  to  14,000  eosinophilic  leucocytes, 
/.  f.,  an  increase  of  5(i  times  the  maximum  number  observed  under 
normal  conditions.  It  may  be  stated  as  a  general  rule  that  whenever 
an  absolute  increa^HC  in  the  number  of  the  eGsinophi/ic  leucocytes  is  not 
found  in  a  case  of  supposed  mt/clof/enous  leukceinia  this  dia</nosis  may 
be  abandoned,  providing  that  conij)lications,  such  as  septic  processes, 
do  not  exist  at  the  same  time.     In  sepsis  the  number  of  eosinophilic 
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leucocytes  is  very  materially  diminished,  and  in  some  cases  they  may 
l>e  altogether  absent.  Exceptions,  however,  also  occur,  and  Ehrlich 
cites  a  case,  where  the  total  number  was  still  from  1,400  to  1,500  in 
the  cbmm.,  although  the  percentage  had  diminished  from  3.5  to  0.43. 

Aside  from  myelogenous  leuksemia  an  increase  in  the  number  of 
the  eosinophilic  leucocytes  has  been  observed  in  various  other  dis- 
eases, but  it  is  scarcely  likely  that  any  of  these  would  be  mistaken 
for  leukaemia,  especially  if  the  other  blood  changes  which  occur  in 
this  disease  are  borne  in  mind  (see  p.  78).  Eosinophilia  has  thus 
been  noted  in  bronchial  asthma,  in  certain  diseases  of  the  bones,  the 
skin,  the  nervous  system,  in  the  helminthiases,  in  malignant  disease, 
in  the  post-febrile  period  of  many  of  the  acute  infectious  diseases,  in 
gonorrhcea,  etc.  In  diminished  numbers  the  eosinophilic  cells  are 
found  during  the  process  of  digestion,  in  pneumonia,  in  the  course  of 
most  of  the  acute  infectious  diseases,  following  castration,  etc. 

6.  Basophilic  Leucocytes. — These  are  only  exceptionally  seen 
in  normal  blood,  although  they  are  said  to  be  uniformly  present  to 
the  extent  of  about  0.5  per  cent.  The  granulations,  the  y-  and  ^- 
granulations  of  Ehrlich,  appear  to  be  the  same,  as  those  observed  in 
the  so-called  mast-cells  found  in  connective  tissue  especially.  The 
same  term  has  hence  been  applied  to  this  variety  in  the  blood.  The 
individual  granules  vary  somewhat  in  size  and  distribution,  and  are 
characterized  by  their  affinity  for  the  basic  dyes.     They  do  not  take 
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on  a  pure  color,  however,  but  stain  metachromatically.  With  cresyl- 
violet  R  for  example  they  are  colored  almost  a  pure  brown.  The 
nucleus,  moreover.  Is  stained  with  great  difficulty.  In  specimens 
stained  with  the  tri-acid  stain  the  granules  are  colorless  and  the  cells 
hence  appear  as  light  polynuclear  formations,  which  are  apparently 
devoid  of  granulations. 

An  increase  in  the  number  of  mast-cells  is  almost  exclusively  ob- 
served in  myelogenous  leuksemia,  and  hence  of  great  diagnostic  im- 
|)ortance.  This  increase  is  constant  and  absolute,  and  may  even 
exceed  the  increase  of  the  eosinophilic  leucocytes. 

Neusser^s  Perinuclear  Bdsophiiic  GranuleJi. — A  fe^v  years  ago 
Neusser  drew  attention  to  the  fact  that  basophilic  granules  are  not 
infrequently  seen  arranged  about  the  nuclei  of  the  mononuclear  and 
|X)lynuclear  leucocytes.  The  presence  of  these  granules  he,  as  well 
as  Kolisch,  regarded  as  characteristic  of  the  so-called  uric-acid  dia- 
thesis. As  tubercular  disease,  moreover,  is  usually  not  seen  in  such 
cases  Neusser  regards  their  presence  in  cases  of  phthisis  as  a 
favorable  symptom.  Futcher  on  the  other  hand  was  unable  to  con- 
firm these  observations,  and  my  own  observations  are  likewise  opposed 
to  those  of  Neusser.  I  was  able  to  demonstrate  their  presence  both 
in  health  and  disease  in  almost  every  case,  and  was  even  led  to  the 
cjnclusion  that  their  absence  in  a  supposedly  healthy  individual  may 
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be  r^arded  as  presumptive  evidence  of  the  existence  of  some  morbid 
process.  Whether  this  will  be  borne  out  by  further  investigation 
remains  to  be  seen.  But  it  appears  to  be  certain  that  in  malignant 
disease  the  granules  are  either  absent,  or  present  in  greatly  diminished 
numbers.  In  two  cases  of  gastric  ulcer,  and  in  one  of  acute  gonor- 
rhoea, however,  I  was  likewise  unable  to  find  them. 

In  suitably  stained  specimens  the  granules  appear  as  greenish 
black  or  entirely  black  little  dots,  which  are  irregularly  scattered 
over  the  surface  of  the  nucleus.  Their  size  varies  considerablv. 
Specimens  are  thus  encountered  in  which  the  granules  are  as  fine  as 
ordinary  neutrophilic  granules,  while  others  are  much  larger,  and  in 
some  cases  droplets  may  even  be  seen,  which  nearly  cover  the  entire 
nucleus.  They  may  be  found  in  all  the  forms  of  leucocytes  described, 
but  are  most  numerous  in  the  polymorphonuclear  and  small  mono- 
nuclear cells. 

Ehrlich  has  recently  expressed  the  view  that  these  granules  are 
artefacts,  and  states  that  they  are  only  exceptionally  observed,  when 
strictly  pure  solutions,  made  from  the  crystalline  dyes  of  the  Actien- 
gesellschaft  fur  AnilinfarbstofiTe  in  Berlin,  are  used.  Whether  this 
view  is  correct  I  am  not  prepared  to  say,  as  my  own  examinations 
were  made  with  the  Griibler  stains.  A  relation  between  their  pres- 
ence and  the  elimination  of  uric  acid  or  xanthin  bases  does  not  exist. 

7.  Neutrophilic  Myelcx^ytes. — These  are  essentially  large 
mononuclear  leucocytes,  the  protoplasm  of  which  contains  more  or 
less  numerous  neutrophilic  granules.  Their  size,  however,  is  subject 
to  considerable  variation.  On  the  one  hand  they  may  be  larger  than 
all  other  elements  in  the  blood,  while  others  are  observed  which  are 
scarcely  larger  than  an  ordinary  red  corpuscle.  The  nucleus  is 
large,  usually  centrally  located,  and  possesses  only  a  feeble  affinity 
for  dyes.  Unlike  the  polynuclear  neutrophilic  leucocytes  they  are 
never  amcoboid. 

According  to  the  school  which  regards  the  polynuclear  neutrophilic 
leucocytes  as  the  mature  forms  of  the  lymphocytes,  the  neutrophilic 
myelocytes  represent  an  arrested  or  perverted  form  of  development  of 
the  large  mononuclear  leucocytes.  Ehrlich,  on  the  other  hand,  re- 
gards the  neutrophilic  myelocyte  as  the  bone  marrow-cell  proper, 
and  as  the  young  form  of  the  polynuclear  neutrophilic  leucocyte. 

Under  normal  conditions  thev  are  never  found  in  the  blood,  and 
Ehrlich  teaches  that  their  presence  in  considerable  numbers  may  be 
regarded  as  indicating  the  existence  of  myelogenous  leuksemia.  In 
smaller  numbers  they  have  been  found  in  a  case  of  lymphosarcoma 
with  metastases  in  the  bone  marmw ;  further,  in  severe  posthemor- 
rhagic aiijemia,  in  a  case  of  poisoning  with  mercury,  in  the  pseudo- 
leukteraia  of  infants,  in  torpid  scrofula,  and,  what  is  especially  im- 
portant, in  some  of  the  acute  infectious  diseases.      Engel  thus  found 
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that  in  diphtheria,  occurriug  in  children,  myelocytes  can  often  be 
demonstrated  in  the  blood,  and  that  a  high  percentage,  viz,  3.6  to 
16.4  of  the  total  leucocytes,  is  only  observed  in  severe  cases  and  ren- 
ders the  prognosis  unfavorable.  In  light  cases  they  are  not  often 
seen,  and  when  present  occur  only  in  small  numbers.  In  pneumonia 
myelocytes  are  either  absent,  or  present  only  in  small  numbers,  at 
the  beginning  of  the  disease,  while  at  the  time  of  the  crisis  or  imme- 
diately thereafter  they  become  more  numerous,  and  in  some  cases 
may  number  12  per  cent,  of  all  neutrophilic  cells. 

8.  Eosinophilic  Myelocytes.  —  These  represent  the  eosino- 
philic analogon  of  the  form  just  described.  Their  size  may  also 
vary  very  much,  and  specimens  may  be  met  with  which  are  a  great 
deal  larger  than  the  poly  nuclear  variety.  According  to  Ehrlich  they 
are  likewise  formed  in  the  bone-marrow,  and  represent  an  earlier 
stage  in  the  development  of  the  polynuelear  eosinophilic  leucocyte. 
Their  presence  is  largely  confined  to  the  blood  of  myelogenous  leu- 
ksemia  and  the  pseudo-leukaemia  of  infants.  Mendel  found  them  in 
one  case  of  myxoedema,  and  Tiirck  reports  that  they  are  occasionally 
seen  in  some  of  the  infectious  diseases. 

9.  Small  Neutrophilic  Pseudo-lymphocytes. — These  bodies, 
according  to  Ehrlich,  are  produced  by  direct  division  of  the  polynu- 
elear neutrophilic  leucocytes.  They  are  about  as  large  as  the  small 
lymphocytes,  and  provided  with  a  single  deeply  staining  nucleus. 
The  narrow  zone  of  protoplasm  which  surrounds  the  nucleus  con- 
tains neutrophilic  granules.  They  may  be  distinguished  from  the 
small  forms  of  myelocytes  by  the  greater  intensity  with  which  the 
nucleus  takes  up  the  nuclear  dyes,  and  the  smaller  amount  of  proto- 
plasm. Ehrlich  states  that  he  first  saw  these  bodies  in  a  case  of 
hemorrhagic  small-pox,  but  that  they  are  also  found  in  fresh  pleural 
effusions.  He  suggests  that  their  study  may  be  of  importance  in 
deciding  the  origin  of  the  transitory  hyperleucocytoses,  which  ac- 
cording to  some  are  due  to  a  destruction  of  leucocytes,  and  accord- 
ing to  others  to  an  altered  distribution. 

10.  Irritation  Forms. — These  are  mononuclear,  non-granular 
cells,  the  protoplasm  of  which  is  stained  a  rich  brown  by  the  tri-acid 
mixture.  The  nucleus  is  round,  often  exceutrically  located,  and  colored 
a  bluish-green.  The  smallest  forms  are  somewhat  larger  than  the 
lymphocytes.  According  to  Tiirck,  who  first  described  these  cells 
they  are  met  with  imder  the  same  conditions  as  the  myelocytes. 
Possibly  they  represent  an  early  stage  in  the  development  of  the 
nucleated  red  corpuscles. 

In  addition  to  the  above,  still  other  forms  of  leucocytes  have  been 
described,  especially  in  leukemic  blood,  but  so  little  is  known  of 
these  that  is  at  all  definite  that  it  is  unnecessary  to  enter  into  their 
description  at  this  place. 
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Variations  in  the  Number  of  the  Leucocjrtes. — While  the  num- 
ber of  red  corpuscles  is  subject  to  very  slight  variations  under  physi- 
ologic conditions,  that  of  the  leucocytes  varies  within  fairly  wide 
limits,  being  influenced  by  the  age  and  sex  of  the  individual,  preg- 
nancy, the  process  of  digestion,  the  blood-vessel  from  which  the 
specimen  is  taken,  etc. 

According  to  Osier,  the  number  of  leucocytes  per  cbmm.  of 
blood,  obtained  from  the  finger  or  the  ear,  normally  varies  between 
6,000  and  7,000,  so  that  taking  5,000,000  as  the  average  number  of 
red  corpuscles  per  cbmm.,  the  ratio  between  the  two  would  vary  l)e- 
tween  1:714  and  1  : 1,000.  But,  as  Cabot  points  out,  the  actual  num- 
ber may  be  still  lower  than  5,000  and  higher  than  7,000  without 
there  being  symptoms  of  definite  illness.  Generally  speaking,  lower 
figures  are  met  with  in  persons  who  are  somewhat  ill-nourished, 
while  higher  figures  are  encountered  in  persons  of  special  vigor  and 
good  nutrition.  Before  concluding  then  that  in  a  given  case  the 
number  of  leucocytes  is  below  or  above  the  normal,  an  idea  should, 
if  possible,  be  formed  of  what  constitutes  the  normal  for  that  par- 
ticular individual.  It  would  hence  be  better  to  extend  the  normal 
limits  to  3,000  on  the  one  hand  and  1 0,000  on  the  other. 

An  increase  in  the  numl)er  of  leucocytes,  to  which  condition  the 
term  leucoci/tosis  was  first  applied  by  Virchow,  is  met  with  under 
both  physiologic  and  pathologic  conditions.  As  Goldscheider  rightly 
suggests,  it  would  be  better,  however,  to  restrict  the  term  leucocy- 
tosis  to  indicate  the  number  of  leucocytes  in  a  general  way,  and  to 
speak  of  an  increase  in  their  number  as  hi/perleucoeytosis  and  of  a  dim- 
inution in  their  number  as  hj/poleucoci/tosis.  According  to  Ehrlich, 
furthermore,  it  is  necessary  to  distinguish  between  active  and  passive 
hyperleucocytosis,  meaning  by  active  hyperleucocytosis  that  form  in 
which  the  increase  in  the  number  of  the  leucocytes  principally 
affects  the  phagocytic  elements,  viz,  the  polynuclear  leucocytes, 
while  the  mononuclear  elements  only  are  increased  in  the  passive 
form. 

The  active  hyp:^rleucocyto3es  Ehrlich  further  subdivides  into  the 
following  groups  : 

1.  The  polynuclear  hyj>erleucocytoses. 

a.  Polynuclear  neutrophilic  hyj>erleucocytosis. 
i),  Polynuclear  eosinophilic  hyj)erlenc()cytosis. 

2.  The  mixed  hyperleucocytoses,  in  which  the  granule-bearing 
mononuclear  elements  take  j)art — Myelaemia. 

Polynuclear  Neutrophilic  Hyperleucocytosis. — In  this  form  of 
hyperleucocytosis,  as  the  term  indicates,  the  increase  in  the  number 
of  the  leucocytes  principally  affects  the  polynuclear  neutrophilic 
elements.  Exceptionally  it  may  be  associated  with  a  polynuclear 
eosinophilic  hyperleucocytosis,  as  well  as  with  a  lymphocytosis,  but 
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as  a  general  rule  both  eosinophilic  leucocytes  and  lymphocytes  are 
much  diminished.  This  diminution,  moreover,  may  not  only  be 
relative,  l>ut  even  absolute. 

Under  this  heading  the  following  forms  may  be  considered  : 
Physiologic  Hyperleucocjrtosis. — An  increase  in  the  number  of 
leucocytes,   occurring  in   health,  is   noted   in  children,  during  the 
process  of  digestion,  in  pregnancy,  following  the  use  of  cold  baths, 
after  severe  muscular  exercise,  etc. 

In  infancy  a  hyperleucocytosis  is  quite  constantly  observed,  and 
according  to  Hayem  most  pronounced  during  the  first  eighty  hours 
of  life,  when  about  18,000  leucocytes  are  found,  on  an  average,  in 
the  cbmm.  of  blood.     This  number,  however,  soon  diminishes,  and 
during   the  first  month  about  8,000  leucocytes  may  be  regarded  as 
the  normal.     In  children,  aged  from  several  months  up  to  the  first 
year,  this  figure  further  drops  to  about  6,000.     Owing  to  the  inten- 
sity with  which  the  blood  of  infants  generally  reacts  to  all  manner 
of  stimuli,  however,  it  is  difficult  to  set  down  definite  figures  to  ex- 
press the  normal.     It  is  thus  not  uncommon  to  observe  a  hyperleu- 
cocytosis corresponding  to  the  first  montlis  of  life,  even  as  late  as  the 
first  and  second   year,  in  feebly  developed  children,  but  which,  in 
other  respects,  may  be  quite  healthy.     The  process  of  digestion, 
moreover,  as  will  be  shown  later,  very  materially  influences  the  de- 
gree of  leucocytosis,  so  that  at  this  time  of  life  one  should  be  very 
careful  in  drawing  inferences  from  the  blood  count  alone  as  to  the 
existence  of  diseases. 

Associate!  with  an  absolute  increase  in  the  number  of  the  poly- 
nuclear  neutrophilic  leucocytes  we  find  in  the  leucocytoses  of  infants 
quite  constantly  also  a  relative  lymphocytosis. 

An  idea  of  the  marked  increase  in  the  number  of  the  leucocytes, 
occurring  during  the  process  of  digestion,  constituting  the  physio- 
logic digestive  leucocytosis  of  Virchow,  may  be  formed  from  the  ac- 
companying diagram  (Fig.  1 4).  It  is  especially  pronounced  after  a 
previous  period  of  fasting,  and  after  a  meal  rich  in  proteids.  Oc- 
casionally it  is  not  seen,  even  in  health,  but  such  cases  are  excep- 
tional. In  infants  the  highest  grades  are  observed,  and  Cabot  cites  a 
case,  reported  by  SchiflF,  in  which  19,500  leucocytes  were  counted 
one  hour  after  birth,  27,625  after  the  first  meal,  and  36,000  after  the 
fourth  meal. 

In  diseased  conditions,  and  notably  in  gastro-intestinal  diseases, 
this  form  of  hyperleucocytosis  is  frequently  absent.  This  is  notably 
the  case  in  carcinoma  of  the  stomach,  and  for  a  time  it  was  thought 
that  the  absence  of  digestive  hyperleucocytosis  could  be  regarded  as 
a  valuable  symptom  in  the  differential  diagnosis  between  carcinoma 
and  other  diseases  of  the  stomach.  Unfortunately  further  investiga- 
tions have  shown  that  cases  of  cancer  may  occur  on  the  one  hand,  in 
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which  digestive  byperieucocytoeis  does  occor,  while,  on  the  other, 
it  may  be  absent  id  other  diseases,  both  funrtional  and  orgaDic. 
The  question  of  digestive  hyperleucocytosis  is,  however,  nevertheless 
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a  most  interesting  one  and  calls   for  further  investigation.     In   its 
fltufly  certain  precautions  must  l»  observed  ; 

a.  The  first  blootl  connt  should  be  made  after  tlie   patient  has 
fasted  for  atK>iit  seventeen  hours. 
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6.  After  this  period  he  receives  a  test-meal,  consisting  of  from  200 
to  1,000  c.c.  of  milk,  and  of  one  or  two  eggs,  the  amount  varying 
with  the  condition  of  the  patient. 

c.  Further  blood  counts  are  made  one,  two,  and  three  hours  later. 

d.  The  existence  of  a  digestive  hyperleucocytosis  should  only  be 
regarded  as  proven,  if  an  increase  of  at  least  l,oOO  cells  occurs,  pro- 
viding that  maximal  amounts  of  food  have  been  taken.  If  smaller 
amounts  have  been  given  an  increase  of  100  cells  is  sufficient  to  es- 
tablish its  existence,  provided  that  the  same  result  is  observed  on 
repeated  examination. 

In  the  digestive  hyperleucocytoses  the  increase  in  the  number  of 
the  leucocytes  not  only  afiTects  the  polynuclear  neutrophilic  elements, 
but  also  the  lymphocytes,  while  the  eosinophilic  leucocytes  are,  rela- 
tively at  least,  much  diminished. 

A  very  marked  hyperleucocytosis  is  also  frequently  noted  after  a 
cold  bath.  According  to  Thayer  this  may  even  amount  to  284.6 
per  cent.  In  twenty  cases  of  typhoid  fever  he  found  7,724  leuco- 
cytes, on  an  average,  before,  and  13,170  after  the  usual  Brand  bath. 
In  his  own  person,  while  in  health,  on  one  occasion  the  leucocytes, 
which  numbered  3,250  before  the  bath,  rose  to  12,500  twenty  min- 
utes later. 

A  prolonged  cold  bath  on  the  other  hand  diminishes  their  num- 
ber. Hot  baths  have  exactly  the  opposite  effect,  viz,  those  of  short 
duration  produce  a  decrease,  those  of  long  duration  an  increase. 

Violent  muscular  exercise,  as  well  as  massage,  likewise  calls  forth 
a  temporary  hyperleucocytosis. 

In  all  these  cases  the  increase  affects  both  lymphocytes  and  the 
polymorpho-nuclear  leucocytes. 

The  physiologic  hjrperleucocytosis  observed  in  pregnancy  is  par- 
ticularly marked  during  the  last  five  months,  and  appears  to  occur 
quite  constantly  in  primiparse,  while  in  multipara?  exceptions  are 
common.  In  an  analysis  of  thirty-one  cases  Ricder  noted  a  hyper- 
leucocytosis in  twenty,  the  number  of  leucocytes  varying  between 
10,000  and  16,000,  with  an  average  of  13,000  per  cbmm.  This  in- 
crease in  the  number  of  the  leucocytes  continues  for  a  variable 
period  after  parturition  and  is  apparently  connected  with  lactation. 
It  is  especially  interesting  to  note  that  a  digestive  hyperleucocytosis 
does  not  occur,  while  that  referable  to  pregnancy  exists,  and  it  is 
quite  likely,  as  Cabot  suggests,  that  this  form  is  in  reality  a  pro- 
longed digestive  hyperleucocytosis.  The  increase  affects  both  lym- 
phocytes and  the  polynuclear  neutrophilic  leucocytes. 

Pathologic  Hyperleucocytosis. — In  diseases  an  increase  in  the 
number  of  the  polynuclear  neutrophilic  leucocytes  is  very  frequently 
observed,  and  often  a  matter  of  great  importance  in  differential  diag- 
nosis. 
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In  the  acute  infectious  diseases  hyperleucocytosis  is  the  rule.  Gen- 
erally speaking,  the  increase  in  the  number  of  the  leucocytes  is  here 
directly  proportionate  to  the  intensity  of  the  infection  and  the  power 
of  resistance  on  the  part  of  the  individual  patient.  It  may  thus 
happen  that  no  hyperleucocytosis  occurs  at  all,  when  the  infection  is 
extremely  virulent,  and  the  power  of  resistance  practically  nil,  in 
consequence  of  preexisting  disease,  or  similar  influences,  even  though 
the  disease  is  one  in  which  hyperleucocytosis  generally  occurs. 
This  is  seen  especially  well  in  pneumonia,  where  death  almost  invari- 
ably occurs,  when  a  hyperleucocytosis  does  not  develop,  unless  in- 
deed the  infection  has  been  so  mild  as  not  to  call  forth  an  increased 
invasion  of  leucocytes.  The  development  of  a  well-marked  hyper- 
leucocytosis in  diseases,  in  which  this  is  the  rule  is  no  guarantee, 
however,  that  the  patient  will  recover,  although  his  chances  are 
certainly  much  better. 

In  pneumonia  the  increase  in  the  number  of  the  leucocytes  is 
usually  marked.  According  to  Cabot  it  amounts  on  an  average  to 
about  24,000  beyond  the  normal.  The  hyperleucocytosis  sets  in 
quite  early  and  persists  until  the  time  of  the  crisis,  when  it  rapidly 
disappears.  When  the  disease  terminates  by  lysis  the  return  to  the 
normal  is  more  gradual.  A  pseudo-crisis  is  not  accompanied  by  a 
fall  in  the  number  of  the  leucocytes.  When  resolution  is  delayed, 
or  complications  occur  the  hyperleucocytosis  persists. 

In  erysipelas,  as  in  pneumonia,  the  leucocytosis  is  generally  pro- 
portionate to  the  intensity  of  the  morbid  process,  and  also  terminates 
by  crisis.  The  increase  in  the  number  of  the  leucocytes,  according 
to  Rieder,  amounts  to  about  15,000  beyond  the  normal. 

In  diphtheria  a  well-marked  increase  is  the  rule,  and  with  the  ex- 
ception of  very  mild  or  extremely  severe  cases,  of  constant  occur- 
rence. It  is  interesting  to  note  that  barring  a  temporary  diminution 
immediately  after  the  injection  the  leucocytosis  is  in  no  wise  influ- 
enced by  the  antitoxin  treatment. 

In  septic  conditions  of  whatever  origin,  hyperleucocytosis  is  of 
constant  occurrence,  unless  the  infection  is  very  mild  or  very  severe. 
Thus,  as  in  pneumonia  and  diphtheria,  the  absence  of  hyperleuco- 
cytosis may  usually  be  regarded  as  a  symptom  of  grave  prognostic 
significance.  The  degree  of  increase  may  vary  widely  and  is  always 
directly  proportionate  to  the  extent  and  degree  of  the  inflammatory 
reaction.  In  suspected  cases  a  careful  examination  of  the  blood 
should  always  be  made.  It  is  equally  important  in  such  cases  as  the 
examination  of  the  sputum  in  suspacted  cases  of  phthisis  or  of  the 
tonsillar  coating  in  suspected  cases  of  diphtheria. 

In  acute  articular  rheumatism  the  degree  of  hyperleucocytosis  is 
proportionate  to  the  severity  of  the  attack.  The  average  increase  be- 
yond the  normal,  according  to  Cabot,  amounts  to  about  16,800  cells. 
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In  scarlatina  an  increase  in  the  number  of  the  leucocytes  may  be 
observed  as  early  as  the  sixth  day  before  the  appearance  of  the  rash. 
The  maximum,  an  increase  of  from  10,000  to  25,000  beyond  the 
normal  is  usually  noted  on  the  second  or  third  day  after  the  appear- 
ance of  the  eruption. 

In  small-pox  a  hyperleucocytosis  is  only  observed  in  the  severer 
cases,  and  at  a  time  when  the  formation  of  pustules  occurs.  In  the 
milder  forms  no  increase  occurs. 

In  tubercular  disease  hyperleucocytosis  is  only  observed  when 
secondary  infection  w^ith  pus-organisms  has  taken  place,  while  in 
pure  cases  the  number  remains  normal.  But,  as  the  chances  for  a 
secondary  infection  are  more  favorable  in  some  parts  of  the  body  than 
in  others,  such  as  the  lungs  and  kidneys,  hyperleucocytosis  is  more 
commonly  present  than  absent,  when  these  parts  are  involved. 

It  is  thus  seen  that  a  hyjxjrleucocytosis  of  greater  or  less  degree 
occurs  in  the  great  majority  of  the  infectious  diseases,  and  may  be 
regarded  as  the  rule.  There  are,  however,  a  number  of  very  inter- 
esting and  important  exceptions.  In  uncomplicated  canes  of  typhoid 
fever,  and  in  meanles  no  hyperleucocytoHis  occurs  and  the  number  of 
the  leucocytes  may  indeed  be  diminished.  The  importance  of  this 
fact  from  the  standpoint  of  differential  diagnosis  is  self-evident. 

As  regards  the  other  forms  of  leucocytes  in  the  acute  infectious 
diseases,  it  is  known,  that  with  a  return  to  the  normal  of  the  poly- 
nuclear  neutrophilic  elements  a  temporary  increase  in  the  number  of 
the  eosinophiles  often  occurs.  With  the  decline  of  the  hyi)erleucocy- 
tosis,  moreover,  mononuclear  neutrophilic  leucocytes  and  irritation 
forms  frequently  appear  in  small  numbers.  The  lymphocytes  remain 
practically  uninfluenced. 

The  toxic  hyperleucocytoses  likewise  belong  to  this  order.  An 
increase  in  the  number  of  the  polynuclear  neutrophilic  elements  is 
thus  observed  in  cases  of  poisoning  with  potassium  chlorate,  the  de- 
rivatives of  phenylhydrazin,  pyrodin,  phenacetin,  arseniuretted  hy- 
drogen, sulphonal,  quinine,  illuminating  gas,  as  also  following  the 
prolonged  administration  of  chloroform  and  ether. 

Under  this  heading  Cabot  also  groups  the  hyperleucocytoses  which 
may  be  observed  in  certain  cases  of  rickets,  gout,  acute  yellow 
atrophy,  advanced  cirrhosis  of  the  liver  (especially,  when  associated 
with  jaundice),  acute  gastro-intestinal  disorders  (ptomains),  acute  and 
chronic  nephritis,  hydronephrosis,  following  the  injection  of  tuber- 
culin, thyroid  extract  and  even  normal  salt  solution,  as  also  after  the 
ingestion  of  salicylates. 

A  hyperleucocytosis  affecting  the  polynuclear  neutrophilic  ele- 
ments is  further  observed  in  various  forms  of  acute  and  chronic  ante- 
mia.  This  is  especially  marked  after  hemorrhages  referable  to 
traumatism,  where  the  number  of  leucocytes  may  increase  to  30,000 
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and  even  more.  Generally  speaking,  the  degree  of  byperleucocytosis 
is  here  proportionate  to  the  amount  of  blood  lost  and  the  recuperative 
power  of  the  individual. 

In  the  primary  forms  of  ansemia,  if  we  except  the  myelogenous 
type  of  leukaemia,  where  an  absolute  increase  is  associated  with  a 
relative  decrease,  byperleucocytosis  referable  to  the  polynuclear  neu- 
trophilic leucocytes  is  not  met  with  in  uncomplicated  cases.  In  the 
secondary  anaemias,  on  the  other  hand,  though  usually  of  moderate 
degree,  it  is  quite  common. 

We  finally  recognize  a  cachectic  byperleucocytosis  which  is  ob- 
served in  malignant  disease,  phthisis,  etc. 

Polynuclear  Eosinophilic  Hyperleucocytosis  (Eosinophilia). — 

Aside  from  the  increase  of  the  eosinophilic  leucocytes  which  may  be 
observed  in  children  under  normal  conditions,  eosinophilia  is  essen- 
tially a  pathologic  phenomenon. 

While  a  relative  increase  of  the  eosinophilic  leucocytes  may  or 
may  not  occur  in  myelogenous  leukaemia,  the  absolute  number  is 
always  increased  in  uncomplicated  cases.  Where  septic  processes 
supervene,  however,  this  increase  may  not  occur,  and  the  absolute, 
as  well  as  the  relative  number,  is  then  usually  much  diminished. 
For  a  while  eosinophilia  was  thought  to  be  pathognomonic  of  this 
form  of  leukaemia.  But  we  now  know  that  a  polynuclear  eosino- 
philic hyperleucocytosis  also  occurs  in  other  diseases.  Its  constant 
occurrence  in  myelogenous  leukaemia  should  nevertheless  be  borne  in 
mind,  and  the  diagnosis  discarded,  whenever  such  an  increase  cannot 
be  demonstrated. 

In  bronchial  asthma  an  increase  of  the  eosinophilic  leucocytes  is 
quite  constantly  observed  about  the  time  of  the  paroxysm,  and  may 
amount  to  from  10  to  20  per  cent.  Its  occurrence  is  of  value  in 
differential  diagnosis,  as  renal  and  cardiac  asthma  are  not  associated 
with  eosinophilia. 

In  many  diseases  of  the  skin,  notably  in  pemphigus,  prurigo, 
psoriasis,  and  urticiiria  a  marked  eosinophilia  may  be  observed,  which 
in  some  cases  may  amount  to  60  per  cent,  of  the  total  leucocytes. 
Its  degree  is  apparently  proportionate  to  the  amount  of  tissue  in- 
volved. 

Especially  interesting,  furthermore,  is  the  increase  of  the  eosino- 
philic leucocytes  which  is  observed  in  association  with  the  presence 
of  intestinal  parasites.  According  to  Leichtenstern  its  occurrence  is 
especially  pronounced  in  those  cases,  in  which  Charcot-Leyden  crys- 
tals are  numerous  in  the  feces.  The  greatest  increase  is  found  in 
ankylostomiasis,  where  72  per  cent,  were  counted  in  one  case.  In 
the  presence  of  oxyurides  Buckler  found  16  per  cent.  Nineteen 
per  cent,  were  counted  in  association  with  ascarides,  and  Leichten- 
stern reports  one  case  of  taenia  mediocanellata  with  34  per  cent. 
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Of  great  interest  and  practical  importance  is  the  observation,  first 
made  by  T.  R.  Brown,  at  the  Johns  Hopkins  Hospital,  that  trichi- 
nosis in  its  acute  stage,  at  least,  is  associated  with  a  very  remarkable  in- 
crease in  the  number  of  the  eosinophilic  leucocytes.    In  the  four  cases 
reported  by  him  the  eosinophiles  reached  68.2  per  cent,  of  the  total 
leucocytes,  in  the  first ;  in  the  second,  42.8  per  cent.;  in  the  third, 
49  per  cent.,  and  in  the  fourth,  48  per  cent.,  while  the  total  number 
of  leucocytes  per  cbmm.  was  35,000,  13,000,  17,000  and  18,000  re- 
spectively.    As  the  disease  is  apparently  much  more  common  in  our 
country  than  is  generally  supposed,  and  as  the  diagnosis,  except  in 
the  most  marked  cases  or  in  the  epidemic  form,  is  impossible  with- 
out aii  examination  of  the  blood,  it  is  highly  advisable  to  make  such 
examinations  in  febrile  conditions  of  doubtful  origin,  as  well  as  in 
cases   with  indefinite  intestinal  and  muscular  symptoms.     Whenever 
an  eo^inophilia  of  marked  grade  should  be  discovered  under  such 
conditions  a  small  bit  of  muscle  tissue  should  be  excised  and  exam- 
ined   fV)r  trichinae  directly. 

As   I  have  pointed  out  before,  the  eosinophilic  leucocytes  are  rela- 
tively diminished,  and  may  disappear  altogether  in  the  great  major- 
ity of  the  acute  infectious  diseases,  with  the  exception  of  scarlatina 
pern^pg^  while    the  hyperleucocytosis,  referable  to  the  polynuclear 
neutrophilic  cells,  exists.     In  the  post-febrile  period,  however,  the 
upper'  limit  of  the  normal  and  even  a  well-marked  eosinophilia  is 
omtx   observed.     Turck  thus  found  an  epicritic  eosinophilia  of  5.67 
(430   aibsolute)  in  a  case  of  pneumonia,  and  after  an  attack  of  acute 
artievilar  rheumatism   9.37   per  cent.  (970  absolute).     Zappert  re- 
port^  a  case  of  malaria  in  which  on  the  day  following  the  last  attack 
20.^-4  p^j,  oeui,  (1,486  absolute)  were  found. 

^iiaiilar  observations  have  been  made  after  the  injection  of  tube r- 
cuu^fc  ^  where  a  febrile  reaction  has  taken  place.  In  one  case,  reported 
"7  Cjrrawitz,  the  eosinophilia  reached  its  highest  point,  viz,  41,000 
P^^    Cibmm.,  three  weeks  after  the  injections  had  been  stopped. 

*-^^  malignant  disease  eosinophilia  apparently  only  occurs  in  a  rela- 
tiv^Xjr  small  percentage  of  cases,  and  when  present  is  usually  of 
'^^^^rate  grade,  i,  e.,  not  exceeding  seven  to  ten  per  cent.  Occa- 
sioix^Uy^  however,  the  increase  is  most  remarkable.  Reinbach  thus 
cit^^  a  case  of  lymphosarcoma  of  the  neck  with  metastases  in  the 
*^*^^  marrow,  in  which  60,000  eosinophilic  leucocytes  were  counted 
^^    Cine  occasion. 

Tr*he  eosinophilia  which  is  observed  in  certain  cases  of  gonorrhoea 

"^^  of  late  been  carefully  studied  by  Owings  in  my  laboratory.    From 

^^   analysis  of  his  forty-two  cases  it  appears  that  with  an  extension 

^^    the  inflammatory  process  to  the  posterior  urethra  the  number  of 

^^^*^^  increases  in  which  an  increased  percentage  of  eosinophiles  is 

foxind  in  the  blood,  and  in  cases  of  prostatitis  eosinophilia  is  the  rule. 
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During  the  first  week  of  the  disease  the  blood  is  apparently  always 
normal.  In  the  second  and  third  weeks  it  is  normal  in  only  33  per 
cent,  of  all  cases,  and  after  two  months'  duration  an  increased  numl)er 
is  still  observed  in  40  per  cent.  Occasionally  the  eosinophilia  is  as- 
sociated with  an  increase  of  the  polynuclear  neutrophilic  leucocytes. 

After  extirpation,  as  also  in  chronic  tumors  of  the  spleen,  eosino- 
philia has  been  repeatedly  observed.  Miiller  and  Rieder  report  three 
cases  of  tumor,  referable  to  congenital  syphilis,  hepatic  cirrhosis,  and 
neoplasm  of  the  cranial  cavity,  in  which  12.3,  7,  and  6.5  per  cent, 
respectively  were  found.  After  extirpation  of  the  organ  an  eosino- 
philia is  not  immediately  observed,  but  only  develops  after  many 
months,  and  is  of  moderate  gnide. 

An  eosinophilia  referable  to  drugs  has  finally  been  described,  but 
has  attracted  but  little  attention.  Two  cases  are  reported  by  v. 
Noorden,  who  observed  an  increase  of  the  eosinophiles  to  9  per  cent. 
Both  were  cases  of  chlorosis,  and  in  both  the  eosinophilia  followed 
the  internal  administration  of  camphor.  Similar  observations  have 
been  made  in  animals,  after  poisoning  with  carbon  dioxide. 

Mixed  Hyperleucocytosis. — This  term  is  applied  by  Ehrlich  to 
that  form  of  active  hyperleucocytosis,  in  the  production  of  which 
granule-bearing  mononuclear  leucocytes  also  play  a  part.  This  con- 
dition is  practically  only  found  in  one  disease,  viz,  the  myelogenous 
form  of  leukaemia.  Mononuclear  neutrophilic  leucocytes,  it  is  true, 
are  also  found  in  other  diseases,  which  are  associated  with  hyper- 
leucocytosis, but  the  quotum  which  they  furnish  toward  the  general 
increase  is  there  so  slight,  probably  never  amounting  to  more  than 
1,000  per  cbmm.,  as  scarcely  to  affect  the  total  number. 

In  former  years  a  sharp  line  of  distinction  between  simple  hyper- 
leucocytosis and  myelogenous  leukaemia  did  not  exist,  and  leukcemia 
was  essentially  regarded  as  a  hyperleucocytosis,  in  which  the  ratio 
between  the  white  and  red  corpuscles  exceeded  a  definite  proportion, 
which  was  generally  placed  as  1  :  ')().  As  a  matter  of  fact  there  is 
probably  no  other  disease,  in  which  so  great  an  increase  in  the  num- 
ber of  the  leucocytes  is  observed,  and  even  at  the  present  day  the 
diagnosis  of  leukaemia  is  practically  proven,  when  such  a  proportion 
can  be  shown  to  exist.  The  absolute  number  of  the  leucocytes  mav 
actually  exceed  that  of  the  red  corpuscles.  In  his  series  of  thirty 
cases  Cabot  found  438,000  on  an  average  per  cbmm.  His  highest 
ratio  was  1  :  2,  and  the  lowest  1  :  37.  There  are  exceptional  cases 
of  myelogenous  leukiemia,  however,  in  which  the  hyperleucocytosis 
is  not  so  extreme,  and  in  which  the  ratio  may  not  exceed  1  :  200. 
While  the  enumeration  of  the  total  number  of  leucocytes  is  thus  of 
unquestionable  value  in  the  diagnosis  of  myelogenous  leukaemia,  it 
alone  is  not  the  determining  factor.  We  must  know  on  the  other 
hand  what  particular  elements  contribute  toward  the  total  increase. 
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In  the  lymphatic  form  of  leukfiemia,  as  will  be  shown  more  specifi- 
cally later  on,  the  hyperleucoeytosis  is  thus  dependent  upon  an  in- 
crease of  the  nongranular  mononuclear  elements.     In  contradistinc- 
tion to  this  form  the  hyperleucoeytosis  of  myelogenous  leukaemia  is 
esseDtia,lly  a  hyperleucoeytosis  referable  to  leucocytes  which  are  not 
seen  in  the  blood  under  normal  conditions,  viz,  the  mononuclear 
neutrophilic  leucocytes.     As  these  elements  are  the  bone-marrow 
leucoc^rtes  proper  we  have  in  myelogenous  leukaemia  a  true  myelccmia. 
The  nii_imber  of  neutrophilic  mononuclear  leucocytes,  which  is  met 
with  Lmr^  such  cases  is  often  very  remarkable,  and  the  appearance  of 
from  S  0,000  to  100,000  in  the  cbmm.  is  by  no  means  exceptional.    In 
eighte^iii  cases  reported  by  Cabot,  the  average  percentage  was  37.7 
corres'j>onding  to  a  total  number  of  162,000  i>er  cbmm.  ! 

In   s^ddition  to  the  myelocytes  the  eosinophilic  mononuclear  leuco- 
cytes>     ^hich  normally  are  likewise  only  found  in  the  bone-marrow, 
aiso  a-ppear  in  the  blood,  and  constitute  the  majority  of  the  eosinoph- 
ilic ceslls  seen  in  this  form  of  leukaemia.     The  polynuclear  eosinoph- 
ilic elements  are  at  the  same  time  absolutely  increased,  but  their 
relatixT-e  percentage  may  be  normal.     This  absolute  increase  is  so  in- 
variaV>le  in  uncomplicated  cases,  that  we  must  regard  it  as  one  of  the 
consta.nt  symptoms  of  the  disease.     Important,  further,  is  the  in- 
variable increase  of  the  mast-cells,  which  is  absolute.     As  a  general 
rule  their  number  is  about  one-half  that  of  the  eosinophiles,  but  oc- 
casionally  they  are  equally   as  numerous,  and  exceptionally   even 
more  so.     Ehrlich  holds  that  from  a  diagnostic  point  of  view  they 
are  perhaps  even  more  important  than  the  eosinophilic  leucocytes  for 
tbe  reason  that  in  contradistinction  to  these  we  know  of  no  other 
condition  in  which  the  mast-cells  are  materially  increased. 

The  polynuclear  neutrophilic  cells  and  the  lymphocytes,  although 
absolutely  increased,  are  relatively  much  diminished.  Of  the  latter 
only  7.6  per  cent,  are  thus  found  on  an  average,  and  of  the  former 
49.2  per  cent.,  as  compared  with  20  to  30  and  60  to  70  respectively. 
The  occurrence  of  dwarfed  forms  of  both  eosinophilic  and  neu- 
trophilic polynuclear  and  mononuclear  leucocytes  in  leukaemic  blood 
has  already  been  mentioned.  Occasionally  cells  in  which  mitoses 
^n  be  obeerved  are  also  seen,  but  are  of  no  special  interest. 

The  above  considerations  have  reference  to  uncomplicated  cases  of 
leukaemia.  Where  septic  complications  occur  the  blood  condition 
p^y  undergo  great  changes.  Thus,  in  proportion  to  the  degree  of 
infection  the  myelaemic  picture  gradually  disappears,  and  is  replaced 
^y  that  seen  in  simple  septic  conditions.  The  polynuclear  neu- 
t^rophilic  leucocytes  may  then  increase  to  90  per  cent,  and  even 
Wgher. 

A  very  rare  complication  is  further  described  by  Ehrlich  in  which 
*u  the  terminal   stage  of  the  disease  the  bone-marrow   apparently 
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loses  its  power  of  producing  neutrophilic  material,  and  where  s 
the  result  non-granular  myelocytes,  so  to  sj)eak,  appear  in  the  bloo< 
In  one  case  of  this  kind  which  he  reports  the  great  majority  of  tl 
mononuclear  elements,  which  numbered  70  per  cent,  of  the  tofc 
number  of  the  leucocytes,  were  entirely  free  from  neutrophil: 
granules. 

Passive  Hyperleucocytosis  (Ljrmphocytosis). — Lymphocytos 

is  observed  whenever  an  increased  circulation  of  lymph  occurs  i 
more  or  less  extensive  lymphatic  districts,  the  lymphocytes  bein 
mechanically  washed  into  the  blood  current.  In  a  mild  form  it 
thus  seen  in  certain  fonns  of  the  so-called  physiologic  hyperlei 
cocytosis  (see  p.  73),  where  the  increase  in  the  number  of  the  lympl 
ocytes  is  associated  with  a  corresponding  increase  of  the  polynuclea 
neutrophilic  elements.  To  a  more  marked  decree  it  is  seen  in  var 
ous  diseases  of  the  gastro-intestinal  tract  in  infants.  A  well  pn 
nounced  lymphsemia  is  further  observ^ed  in  whooping-cough,  where  a 
increase  to  four  times  the  normal  number  may  occur  during  the  coi 
vulsive  stage.  The  polynuclear  cells  are  at  the  same  time  increase< 
but  not  to  the  same  degree. 

Following  the  injection  of  tuberculin  lymphocytosis  is  occasional! 
observed,  and  Waldstein  claims  to  have  produced  a  marked  increa^ 
by  hypodermic  injections  of  pilocarpin. 

Important  from  a  diagnostic  standpoint  is  the  fact  that  in  mali{ 
nant  lymphoma  lymphocytosis  is  constantly  observed,  and  may  be  < 
very  high  grade. 

In  contradistinction  to  the  active  forms  of  hyperleucocytosi 
lymphocytosis  is  thus  only  observed  in  a  comparatively  small  nun 
ber  of  diseases,  and  is  usually  not  of  high  grade.  There  is  real! 
one  disease  only,  if  we  except  malignant  lymphoma,  in  which  an  at 
tual  flooding  of  the  blood  with  lymphocytes  occurs — viz,  lymphat 
leukcjcmia.  As  in  myelogenous  leukaemia  the  total  number  of  tl 
leucocytes  is  here  also  very  much  increased,  but  never  to  the  sanr 
degree.  The  average  projwrtion  between  the  white  and  red  corpuj 
cles  thus  scarcely  ever  exceeds  1  :  40,  corresponding  to  141,000  leuc< 
cytes  per  cbmm.  The  highest  count  in  Cabot's  series  was  220,000,  an 
the  lowest  only  40,000.  Of  this  number  about  90  per  cent,  ai 
lymphocytes.  Myelocytes  and  eosinophilic  leucocytes  are  scant; 
When  septic  processes  develop  in  such  cases,  the  total  immber  of  tl 
leucocytes,  as  in  the  myelogenous  form  of  leukaemia  likewise  undei 
goes  a  considerable  diminution,  but  the  lymphocytes  still  remai 
relatively  increased.  In  one  case  of  Cabot's,  where,  as  the  result  < 
septicaemia  the  total  number  of  leucocytes  fell  to  471  per  cbmm.  tl 
jx?rcentage  of  lymphocytes  still  was  94.7. 

Hypoleucocytosis  (Leukopenia). — In  the  foregoing  pages  it  hj 
rej)eatedly  been  pointed  out  that  a  qualitative  diminution  in  the  nun 
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?r  of  the  leucocytes  may  occur  under  the  most  diverse  conditions.  A 
Liai^titative  diminution  on  the  other  hand,  viz,  a  diminution  of  the 
>tal  number  of  leucocytes  is  only  observed  in  comparatively  few 
lisei^ses. 

\Iost  important  from  a  diagnostic  standpoint  is  the  hyj)oleucocyto- 
?is,  which  is  so  commonly  seen  in  uncomplicated  cases  of  typhoid 
fever,  as  to  constitute  one  of  the  most  important  symptoms  of  the 
disease.    Exceptions  to  this  rule  occur,  but  are  not  common.    In  the 
initial  stage  of  the  disease  owing  to  a  concentration  of  the  blood,  re- 
sulting from  starvation  and  diarrhoea,  higher  counts  are  sometimes 
oWrved,  but  as  the  disease  progresses  the  number  soon  diminishes, 
and  in  the  later  weeks  is  practically  always  well  below  the  normal. 
Not  uncommonly  less  than  2,000  are  counted  in  the  cbmm.,  and  in 
some  instances  even  less  than  1,000  are  seen.      Whenever  an  increase 
'\h  the  number  of  the  leucocytes  is  observed  in  a  suspected  case  of  typhoid 
fmr  it  is  even  more  than  probable  that  some  comjMcation  exists,  or  that 
the  diagnosis  is  wrong. 

Uncomplicated  cases  of  tuberculosis  are  likewise  not  associated 
with  hyperleucocytosis.  But  as  it  is  very  much  more  common  to 
meet  with  cases  in  which  secondary  infection  has  taken  place,  lead- 
ing to  hyperleucocytosis,  its  absence  is  often  of  value  in  differential 
diagnosis. 

Important,  furthermore,  is  the  hypoleucocytosis  of  measles,  which 
is  commonly  observed  in  uncomplicated  cases,  and  may  aid  in  distin- 
guishing the  disease  from  scarlatina. 

In  severe  cases  of  anaemia  the  occurrence  of  hypoleucocytosis  is 
always  a  grave  symptom,  as  it  indicates  an  inability  on  the  part  of 
the  bone-marrow  to  produce  a  suflScient  number  of  blood -corpuscles. 
Ehrlich  supposes  that  in  such  cases  the  fatty  marrow  of  the  long 
bones  is  not  transformed  into  red  marrow,  and  has  actuallv  observed 
two  cases,  in  which  the  correctness  of  this  supjwsition  could  be  de- 
monstrated at  the  post-mortem  table. 

While  the  hypoleucocytosis  in  the  diseases  mentioned  is  rarely 
extreme,  most  extraordinary  instances  of  leukojienia  are  at  times 
encountered.  Ehrlich  thus  cites  the  case  of  a  well-built  young  man, 
in  whom  brief  epileptiform  seizures  occurred,  and  in  one  of  which 
the  patient  died.  The  post-mortem  examination  was  entirely  nega- 
tive. During  the  three  days  of  observation,  preceding  death,  two 
examinations  of  the  blood  were  made.  On  the  one  day  not  a  single 
leucocyte  could  be  demonstrated  in  ten  blood  films,  and  on  the  second 
day  but  one  was  found  in  the  same  number  of  sjwcimens. 

The  Drying  and  Staining  of  Blood. 

In  order  to  obtain  the  best  results  cover-glasses  of  the  finest  grade, 
"measuring  not  more  than  0.08  to  0.10  mm.  in  thickness  are  indis- 
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pensable.  They  should  be  cleansed  with  special  care.  To  this  end 
Ehrlich's  method  may  be  employed  :  The  individual  glasses  are  first 
placed  in  a  tray  with  ether  for  half  an  hour,  care  being  taken  that 
they  are  well  separated  from  one  another.  They  are  then  dried 
with  fine  linen,  or  so-called  Joseph's-paper,  placed  in  absolute  alcohol 
for  a  few  minutes,  dried  again  and  kept  in  dust-proof  glass  dishes, 
when  they  are  ready  for  use.  When  once  cleansed  the  cover-glasses 
should  only  be  handled  with  forceps,  as  the  moisture  of  the  hands  is, 

Fig.  15. 


Ehrlich's  cover-glass  forceps. 

in  itself,  sufficient  to  cause  post-mortem  changes  in  the  red  corpus- 
cles. For  this 'purpose  specially  constructed  instruments,  such  as 
those  suggested  by  Ehrlich  w^ill  be  found  most  serviceable.  One 
cover-glass  is  grasped  with  the  flat-bladed  forceps,  provided  with  a 
sliding  lock  (Fig.  15)  and  held  in  the  lefl  hand.  The  second  cover 
is  taken  up  with  the  other  forceps,  which  should  have  a  light  spring 
and  need  not  be  provided  with  a  lock  (Fig.  16),  brought  in  contact 
with  the  drop  of  blood,  and  then  immediately  placed  upon  the  first. 
Providing  that  the  glasses  arc  of  the  proper  quality  and  clean ,  the  drop 

Fio.  16. 


Linsley's  cover-glass  forcopK. 

of  blood  Avill  spread  out  in  a  uniform  layer.  Ehrlich  now  reci>m- 
mends  that  the  top  cover  is  slid  from  the  lower  cover  with  the 
fingers,  by  grasping  the  former  tightly  and  draAving  it  away  in  a 
plane  parallel  to  the  other.  But  it  seems  to  me  that  at  this  stage 
forceps  should  also  be  employed. 

The  drop  of  blood  may  be  obtained  from  the  tip  of  a  finger  or  the 
lobe  of  the  ear,  after  careful  cleansing  with  soap  and  water,  and, 
whenever  jx)ssible,  also  with  alcohol  and  ether.     Under  no  consider- 
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tions  should  the  drop  be  so  large  that  the  top  cover  floats  upon  the 
lood. 

The  proper  spreading  of  the  blood  is  at  the  same  time  the  most 
aiportant  and  the  most  difficult  step  in  the  preparation  of  dried 
•specimens,  and  requires  a  considerable  amount  of  experience,  as  well 
as  care. 

After  drjMng  in  the  air  the  sj)ecimens  are  placed  between  layers  of 
filter  paper,  and  may  then  be  examined  at  leisure.     If  for  any  rea- 
son it  is  desired  to  preserve  the  specimens  for  a  long  time,  /.  e.,  for 
months  or  years,  it  is  best  to  coat  the  blood  films  with  a  thin  layer 
of  paraffin,  which  is  later  dissolved  by  immersion  in  toluol.     In  this 
manner  especially  valuable  and  rare  specimens  may  be  kept  for  a 
long  time  without  any  danger  of  spoiling,  but   even  Avithout  this 
precaution  the  blood  films  will  remain  unchanged  for  a  long  time. 

Before  staining  it  is  usually  necessary  to  fix  the  albuminous 
lyodies  of  the  blood.  To  this  end  different  methods  may  be  em- 
ployed. Immersion  in  absolute  alcohol  for  from  5  to  30  minutes,  or 
in  a  mixture  of  equal  parts  of  absolute  alcohol  and  ether  for  two 
hours  is  very  c^invenient  and  furnishes  good  results.  There  can  be 
no  doubt,  however,  that  the  finest  pictures  are  obtained,  when  the 
specimens  have  been  fixed  by  heat.  For  ordinary  purposes  it  is  only 
necessary  to  expose  the  air-dried  blood  films  to  a  temperature  of 
from  100°  to  120°  C.  for  from  one-half  to  two  minutes,  while  in  spe- 
cial cases  a  more  prolonged  exposure,  or  a  higher  temperature  may 
l«  required.  For  fixing  by  heat  Ehrlich  recommends  the  use  of  the 
soiled  Victor-Meyer  apparatus  in  a  slightly  modified  form.  This 
is  essentially  a  small  copper  kettle,  covered  with  a  thin  plate,  which 
iji  perforated  for  the  reception  of  the  boiling  tube.  If  a  small 
amount  of  toluol  is  boiled  in  this  kettle  for  a  few  minutes  the  cop- 
|H?r  plate  is  soon  heated  to  a  temperature  of  from  107°  to  110°  C,  and 
^*tains  this  tem]x?rature  sufficiently  long  for  ordinary  purposes.  In 
the  absence  of  such  an  instrument  a  small  coal-oil  stove,  upon  which 
a  copper  plate  measuring  40  by  10  cm.  is  placed,  will  answer  the 
purpose.  Upon  this  ])late  the  line  corresi)onding  to  the  desired  tem- 
perature is  ascertained  by  means  of  a  series  of  drops  of  water,  tol- 
uol (boiling  point  at  110°  to  112°  C),  xylol  (boiling  point  137°  to 
1^0°  C.),  etc.,  and  noting  the  line  at  which  ebullition  occurs.  When 
once  properly  regulated  the  apparatus,  which  may  be  advantageously 
placed  in  a  box,  so  as  to  guard  against  currents  of  air,  will  be  found 
to  furnish  a  fairly  constant  temperature.  A  drying-oven  provided 
^^»th  a  thermostat  and  thermometer  may  of  course  be  used  for  the 
f^nie  purpose.  Of  late  formol  has  also  been  much  lauded  as  a  fix- 
^"g  agent,  and  may  be  used  in  connection  with  the  tri-acid  stain, 
"hematoxylin  and  eosin,  thionin,  etc.  A  1-per-cent.  alcoholic  solu- 
t-»n  is  employed.     This  is  prepared  by  diluting  one  part  of  formol, 
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which  is  a  sohition  of  40  per  cent,  of  formaldehyde  in  methyl  alco- 
hol and  water,  with  nine  times  its  own  volume  of  water,  and  one 
part  of  the  resulting  solution  with  nine  times  its  volume  of  alcohol. 
Fixation  is  completed  in  one  minute,  and  for  practical  purposes  it  is 
merely  necessary  to  cover  the  blood  film  with  a  few  drops  of  the  so- 
lution, which  is  then  drained  off  and  replaced  with  the  staining  rea- 
gent directly. 

When  fixed  according  to  one  of  the  methods  described  the  dried 
specimen  is  ready  for  staining.  For  this  purpose  a  number  of  so- 
lutions may  be  employed,  the  selection  of  the  special  mixture  de- 
pending upon  the  points  to  be  elicited. 

Staining  with  Ehrlich's  Tri-acid  Stain. — This  method  is  un- 
questionably one  of  the  most  useful  and  convenient  for  all  practical 
purposes.  Great  care,  however,  is  necessary  in  the  preparation  of 
the  stain,  and  chemically  pure  dyes  are  absolutely  essential.  Ehr- 
lich  recommends  the  crystallized  dyes  prepared  by  the  Actiengesell- 
schafl  fiir  AnilinfarbstofFe  in  Berlin.  In  my  experience  I  have 
found  the  well-known  preparations  of  Dr.  G.  Grubler  &  Co.  in  Leipzig 
entirely  satisfactory.  Saturated  aqueous  solutions  of  orange-G,  acid 
fuchsin  and  methyl-green  are  first  prepared,  and  allowed  to  clear  by 
standing  for  at  least  one  week.  The  various  ingredients  are  then  mixed 
in  the  order  given  below,  using  one  and  the  same  measuring  glass. 
After  the  addition  of  the  methyl-green  solution,  the  mixture  should 
be  thoroughly  agitated,  until  the  final  ingredients  have  been  added. 
When  completed  trial  specimens  are  stained  in  order  to  ascertain 
whether  the  requisite  amounts  of  acid  fuchsin  and  methyl-green  have 
been  added.  Should  the  neutrophilic  granules  be  insufficiently  stained 
a  few  drops  more  of  the  acid  fuchsin  or  methyl-green,  or  of  both,  are 
added,  as  the  case  may  be. 

Orange-G  solution        .... 

Acid  Fuchsin  solution 

Distilled  water    ..... 

Alcohol       ...... 

Methyl-green  solution 

Alcohol       ...... 

Glycerine 

The  solution  is  ready  for  use  at  once  and  improves  with  age.* 
If  properly  prepared  the  nuclei  of  the  leucocytes  will  be  stained 
greenish,  the  eosinophilic  granules  a  copper  color,  and  the  neutro- 
philic granules  violet.  The  nuclei  of  the  basophilic  leucocytes  are 
stained  a  pale  green,  while  the  surrounding  protoplasm  remains 
colorless.  Ordinarily  the  red  corpuscles  are  stained  orange,  but  in 
cases  of  chronic  anjemia  individual  corpuscles  may  be  seen  which  dn 

'  A  reliable  tri-acid  stain  is  sold  by  Messrs.  Hynson  and  Westcott,  of  Baltimore, 
Md. 
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not  take  on  a  pure  orange  tint,  but  a  mixed  tint,  in  which  the 
fuchsiD  predominates  to  a  greater  or  less  degree.  This  altered  sus- 
ceptibility on  the  part  of  the  red  corpuscles  to  certain  dyes  has  been 
designated  as  anemic  or  polychromatophUic  degeneration  (see  p.  59). 

Staining  with  Ehrlich's  Hsematoxylin-eosin,  or  Orange-G  So- 

intion. — ^The   solution   is  prepared   by  dissolving   2.0  grammes  of 

haeraatoxylin  in  a  mixture  of  100  grammes  each,  of  distilled  water, 

aJcohoI^  and  glycerine.     To  this  solution   10.0  grammes  of  glacial 

acetic  £i.cid  and  an  excess  of  alum  are  added.     After  exposure  to  the 

sunlight  for  from  four  to  six  weeks  about  0.5  grm.  of  eosin  or  orange-G 

IS  add^cl. 

The  specimens  are  fixed  in  absolute  alcohol,  or  by  heat  (a  brief 
exposLi^e  only  is  necessary).  They  are  then  \eft  in  the  stain,  in  the 
sunlig-lxt,  for  from  one  half  to  two  hours,  Avhen  they  are  thoroughly 
washecl  in  water,  dried,  and  mounted. 

Th^  red  corpuscles  and  eosinophilic  granules  are  colored  a  bright 
red,  tWc  nuclei  of  normoblasts  and  megaloblasts  a  deep  black,  the 
bodies^  of  the  leucocytes  a  light  lilac,  and  their  nuclei  a  dark  lilac. 
The  l>odies  of  the  lymphocytes,  however,  are  scarcely  stained  at  all, 
while  their  nuclei  appear  only  a  shade  lighter  than  those  of  the 
nuclesited  red  corpuscles. 

Stdoning  with  Ohenzinsky's  Eosin-methylene  Blue  Solution. — 

This  <K)nsists  of  40  c.c.  of  a  concentrated  aqueous  solution  of 
meth^^lene  blue,  20  c.c.  of  a  ().5-per-cent.  solution  of  eosin  in  70- 
P^/*"<^'^Mat.  alcohol,  and  40  c.c.  of  distilled  water.  The  solution  keeps 
fairly  well,  but  should  always  be  filtered  before  using.  A  slight  de- 
gree ^:^f  fixation  only  is  necessary.  The  specimens  are  stained  for 
fronx  s^ixto  twenty-four  hours  in  air-tight  watch  crystals  at  a  tempera- 
ture   Qf  from  37°  to  40°  C. 

'*^*>^^  red  corpuscles  and  eosinophilic  granules  are  stained  a  bright 
^^>  "tlie  nuclei  and  basophilic  granules  a  deep  blue  and  the  malarial 
orga^Xisms  a  light  sky-blue.  The  stain  is  very  useful  in  studying 
nucL^f  ^  and  the  eosinophilic  and  basophilic  granules. 

^"t^ning  with  Ehrlichia  Tri-glycerin  Mixture. — This  is  com- 

pos^vl  of  two  grammes  each,  of  eosin,  aurantia,  and  nigrosin  in  80 

grarnmes  of  glycerine.     These  constituents  are  brought  into  solution 

by  *^f?eping  the  mixture  in  the  warm  chamljer  (37°  to  40°  C),  for 

abc^xit  one  week. 

The  specimens  must  be  well  fixed,  an  exposure  to  a  temperature 

of  a^bout  110°  C.  for  at  least  two  hours  being  best.     They  are  then 

aUowed  to  remain  upon  the  stain  for  from  sixteen  to  twenty-four 

hours,  when  they  are  rinsed  in  water,  dried  and  mounted  as  usual. 

The  red  corpuscles  are  colored  orange,  the  bodies  of  the  leucocytes  a 

dirty  gray,  with  dark  nuclei,  and  the  eosinophilic  granules  a  bright 

red. 
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Staiiiing  with  Ehrlich's  Neutral  Mixture. — ^This  consists  of  five 
volumes  of  a  saturated  aqueous  solution  of  acid  fuchsin,  to  which 
one  volume  of  a  saturated  aqueous  solution  of  methylene  blue  is 
slowly  added,  while  shaking.  The  mixture  is  treated  with  five  vol- 
umes of  distilled  water  and  filtered,  after  having  stood  for  several 
days.  The  specimens  are  stained  for  from  five  to  twenty  minutes. 
Only  a  slight  degree  of  filtration  is  necessary. 

The  red  corpuscles  are  stained  the  color  of  fuchsin,  their  nuclei, 
as  well  as  those  of  the  leucocytes,  are  black,  or  a  light  lilac,  the 
eosinophilic  granules  red  and  the  neutrophilic  granules  violet. 

Staining  with  Eosin. — It  is  most  convenient  to  use  an  0.25-  to 
0.5-per-cent.  alcoholic  solution,  with  which  the  specimen  is  stained 
for  about  one  minute.  If  an  0.1-  to  0.5-per-cent.  aqueous  solution  is 
employed  an  exposure  for  from  10  to  20  minutes  is  necessary.  The 
degree  of  fixation  need  only  be  slight. 

The  red  corpuscles  are  stained  a  bright  red,  the  protoplasm  of  the 
leucocytes  a  faint  red,  while  the  eosinophilic  granules  are  deeply 
colored. 

Basic  Double  Staining. — A  saturated  aqueous  solution  of  methyl- 
green  is  treated  with  a  small  amount  of  an  alcoholic  solution  of 
fuchsin.  After  brief  fixation  the  specimens  are  stained  for  five 
minutes.  The  nuclei  appear  green,  the  red  corpuscles  red,  and  the 
protoplasm  of  the  lymphocytes  the  color  of  fuchsin.  The  stain  is 
especially  serviceable  for  demonstration  purposes,  in  cases  of  lym- 
phatic leuksemia. 

Staining  with  Eosin-methylal  and  Methylene  Blue. — ^The  rea- 
gent consists  of  10  c.c.  of  a  1-per-cent.  aqueous  solution  of  eosin,  to 
which. 8  c.c.  of  methylal  and  10  c.c.  of  a  saturated  aqueous  solution  of 
medicinal  methylene  blue  have  been  added.  The  mixture  is  ready 
for  use  at  once,  and  furnishes  very  good  results.  Unfortunately, 
however,  it  is  very  unstable  and  had  better  be  prepared  in  small 
quantities,  Avhen  needed.  The  best  results  are  obtained  if  the  speci- 
mens have  been  previously  carefully  heated  for  about  two  hours. 
Staining  for  one  or  two  minutes  is  sufficient.  The  basophilic  gran- 
ules are  colored  a  pure  blue,  the  eosinophilic  granules  red  and  the 
neutrophilic  granules  a  reddish-blue. 

Special  Staining  of  Basophilic  Leucocytes. — The  staining  fluid 

consists  of  100  c.c.  of  distilled  water,  to  which  50  c.c.  of  a  saturated 
alcoholic  (absolute)  solution  of  dahlia  are  added.  This  solution,  u|X)n 
clearing,  is  mixed  with  10  to  12.5  c.c.  of  glacial  acetic  acid.  The 
specimens  are  stained  for  from  five  to  ten  minutes. 

A  saturated  aqueous  solution  of  methylene  blue  may  be  used  for 
the  same  purpose,  and  in  the  same  manner. 

With  the  exception  of  bacteria  only  the  basophilic  leucocytes  are 
staiiunl,  while  the  neutrophilic  leucocytes  are  but  faintly  tinged. 


MICROSCOPIC  EXAMINATION  OF  THE  BLOOD.  89 

Nensser's  Stain. — In  order  to  stain  the  basophilic  perinuclear 
graa tiles  of  Neusser  the  following  modification  of  Ehrlich's  tri-acid 
stain  should  be  employed  : 


Saturated  aqueous  solution  of  acid  fuchsin 

50  c.c. 

Saturated  aqueous  solution  of  orange-Cx  . 

.       70  ce. 

Saturated  aqueous  solution  of  methyl-green 

.       80  c.c. 

Distilled  water 

.     150  c.c. 

Absolute  alcohol 

80  C.C. 

Gljcerine 

20  c.c. 

Ehrlich,  however,  states  in  his  recent  monograph  that  these  forma- 
tions are  in  reality  artefacts,  and  are  rarely  observed  if  the  crystalline 
<lyes,  recommended  by  him  (see  above)  are  used.  I  have  no  personal 
experience  with  these  stains.  With  the  Griibler  dyes  the  basophilic 
|)erinuclear  granules  are  certainly  seen  in  almost  every  specimen  of 
blood,  and  I  am  not  as  yet  prepared  to  admit  their  artificial  origin 
(seep.    69). 

Tho  specimens  require  only  a  slight  degree  of  fixation,  and  are 
stained  as  with  Ehrlich's  tri-acid  stain. 

Stadning  with  Aronsohn  and  Philip's  Modified  Tri-acid  Stain. 

Sati.irated  solutions  of  orange-G,  acid  rubin,  and  methyl-green  are 
prepar-cd,  and  the  various  ingredients  mixed  in  the  following  pro- 
J)^>rtion8: 

Orange  solution      .         .                           .         .                  .  55  c.c. 

Acid  rubin  solution                          .                                    .  50  c.c. 

Distilled  water 100  c.c. 

Alcohol .  50  c.c. 

-*^^^    this  mixture  are  added  : 

Methyl-green  solution 65  c.c. 

Distilled  water        .         .  .         .         .         .       50  c.c. 

Alcohol 12c.c. 

^*>«  mixture  should  stand  for  from  one  to  two  weeks  before  being 

^**'^  ^      ^  drop  of  the  reagent,  added  to  a  Petri-dishful  of  water,  is 

"*^^     for  staining  purposes.     The  specimen  must  be  carefully  fixed  by 

nea^^      An  exposure  to  the  stain  for  twenty-four  hours  is  required. 

It  i^    then  rinsed  in  water  and  absolute  alcohol,  cleared  in  origanum 

^"»,  ^nd  mounted.    The  various  elements  are  stained  as  with  Ehrlich's 
staii:^ 

^  ^nner*8  Stain. — The  reagent  is  prepared  as  follows  :  Equal  parts 

^*    ^  1.2— 1.25-per-cent.  aqueous  solution  of  Griibler's  eosin,  yellow 

*"^^e,  and  of  a  one-per-cent.  aqueous  solution  of  methylene  blue  are 

^^Xed  in  an  open  basin,  thoroughly  stirred  and  set  aside  for  24  hours. 

T-'^o  resulting  precipitate  is  filtered  oif,  dried,  powdered,  washed  with 

N^*«xter,  again   filtered,   and   dried.     Of  the   dye    which    has    thus 

^^n  prepared,  an  0.5-per-cent.  solution  in  pure  methyl  alcohol  is 
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made,  to  which  I  further  add  al>oiit  10  per  cent,  of  glycerine.  With 
this  solution  the  cover  glass  specimens  are  stained  for  from  1  to  3 
minutes,  without  previous  fixation ;  the  excess  of  the  stain  is  rapidly 
poured  off,  and  the  specimen  rinsed  until  the  film  presents  a  pink 
color.  It  is  then  dried  in  the  air  and  mounted  in  balsam  or  oil  of 
cedar. 

The  red  corpuscles  are  stained  a  terra-cotta  color,  the  nuclei  of  the 
leucocytes  are  blue,  the  plaques  mauve,  the  neutrophilic  granules  a 
purplish-red,  the  eosinophilic  granules  a  bright  red  and  the  basophilic 
granules  a  dark  violet.  Malarial  organisms  and  bacteria  can  be 
demonstrated  at  the  same  time  ;  they  are  colored  blue.  The  basophilic 
granules  which  are  encountered  in  granular  degeneration  of  the  red 
corpuscles  are  likewise  blue,  while  red  corpuscles  which  are  under- 
going polychromatophilic  degeneration  present  a  tint,  in  which  the 
terra-cotta  color  becomes  less  and  less  distinct,  and  the  blue  color 
more  and  more  predominant  (Plate  III.). 

It  will  thus  be  observed  that  with  Jenner's  stain  a  more  complete 
picture  is  obtained  than  with  Ehrlich's  triple  stain.  In  my  hands  it 
has  yielded  excellent  results,  and  I  can  recommend  it  without  reserve. 
In  order  to  obtain  perfect  pictures,  however,  cover-glasses  must  be 
used  which  are  absolutely  clean  (see  p.  84). 

Blichaelis'  Eosm-methylene-blue  Stain.  —  Two  solutions  are 
prepared,  viz,  one  containing  20  c.c.  of  absolute  alcohol  and  20  c.c. 
of  a  one-per-cent.  aqueous  solution  of  chemically  pure  methylene 
blue,  the  other  consisting  of  28  c.c.  of  acetone  and  12  c.c.  of  a  one- 
per-cent.  aqueous  solution  of  chemically  pure  eosin.  The  two  solu- 
tions are  kept  in  separate  bottles  and  mixed  immediately  before  using, 
in  equal  proportions.  The  mixture  is  placed  in  a  watch  crystal  and 
covered  without  delay.  The  blood  films  are  fixed  by  heat,  or  by 
immersion  in  absolute  alcohol  for  from  one  to  twenty-four  hours, 
and  then  placed  in  the  stain,  face  downward,  for  from  one-half  to 
ten  minutes,  the  time  varying  with  each  preparation.  The  staining 
should  be  stopped  as  soon  as  the  blue  color,  Avhich  is  first  observe<l, 
has  turned  to  red,  as  otherwise  the  nuclei  of  the  leucocytes  will  be 
decolorized.  Should  the  leucocytes,  moreover,  be  numerous,  it  is  best 
to  stop  even  before  this  point  has  been  reached.  If,  on  the  other 
hand,  the  blue  stain  has  acted  too  energetically,  the  specimen  is 
stained  a  little  longer.  The  preparations  are  finally  rinsed  .in  water, 
thoroughly  dried  and  mounted  as  usual.  The  various  elements  of 
the  blood  are  stained  as  with  Jenncr's  stain. 

Distribution  of  the  Alkali  in  the  Blood. 

A  very  good  idea  of  the  distribution  of  the  alkali  in  the  blood 
may  be  formed  by  making  use  of  the  following  method,  suggested 
by  Ehrlieh  :  A  drop  of  blood  is  carefully  spread  between  two  cover- 
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g^lasses,  M'hen  the  air-dried  specimens  are  immediately  placed  in  a 
uratch  crystal,  containing  a  solution  of  the  free  staining  acid  of  ery- 
ttirosin  in  chloroform.     In  a  few  minutes  the  specimens  have  as- 
soined  a  bright  red  color,  when  they  are  transferred  for  a  minute  or 
t^vo  into  a  crystal  containing  chloroform.     While  still  moist  they 
are  then  imbedded  in  Canada  balsam.     Prepared  in  this  manner, 
the  alkaline  elements  of  the  blood  are  colored  red.     The  plasma  thus 
presents  a  distinctly  red  color,  while  the  red  corpuscles  have  not 
taken  up  the  stain.      The  protoplasm  of  the  leucocytes  and  especially 
of  the  lymphocytes,  as  also  the  plaques,  the  fibrin  filaments,  and  the 
bits  of  protoplasm  derived  from  the  leucocytes  are  all  stained  a  deep 
red,  while  the  nuclei  of  the  leucocytes  remain  uncolort»d.     If  mala- 
rial organisms  are  present,  these  are  likewise  stained. 

In  order  to  prepare  the  stain,  the  following  procedure  may  be  em- 
ployed :  A  saturated  aqueous  solution  of  erythrosin  (tetraiodo-fluor- 
escin)  is  acidified  with  dilute  hydrochloric  acid,  and  the  staining  acid, 
which  is  thus  precipitated,  collected  on  a  filter,  after  having  been 
washed  with  distilled  water.  The  precipitate  is  dissolved  in  chloro- 
fonn,  to  which  it  imparts  an  orange  color.  This  solution  is  em- 
ployed for  staining.  In  every  case  care  should  be  had  that  the 
glass  utensils  which  are  used  are  free  from  adherent  alkali,  by  wash- 
ing with  concentrated  acids  and  then  with  distilled  water. 

The  Plaques. 

In  addition  to  the  leucocytes  and  the  red  corpuscles  large  num- 
bers of  small,  roundish  elements,  measuring  about  3  fi  in  diameter, 
are  encountered  in  the  blood,  which  are  free  from  coloring-matter 
and  may  be  frequently  observed  collected  into  small  heaps,  resemb- 
ling bunches  of  grapes.  These  are  the  blood-plates  or  plaques  of 
Bizzozero.  According  to  Hayem,  they  represent  ordinary  red 
corpuscles  in  an  early  stage  of  development,  and  have  hence  been 
termed  luematoblasts.  This  opinion,  however,  is  not  shared  by  many 
baematologists,  and  it  is  more  likely  that  they  are  derived  from  the 
^  corpuscles  and  take  some  part  in  the  coagulation  of  the  blood. 

According  to  Osier,  their  number  varies  under  normal  conditions 
between  200,000  and  500,000  per  cbnmi.  Brodie  and  Russell  claim 
"*at  this  number  is  too  small,  and  state  that  if  their  improved 
^rthod  of  counting  is  used,  an  average  of  6»*^5,»300  will  be  found  in 
the  cbmm.  The  ratio  between  the  plaques  and  the  red  corpuscles 
^ould  thus  be  1  :  7.8,  accepting  0,000,000  red  coqiuscles  as  the  aver- 
^  normal  number  for  the  red.  A  large  increase  is  observed  in 
chlorosis,  coincidently  with  an  increased  coagulability  of  the  blood, 
^hile  in  purpura,  where  this  is  always  much  diminished,  a  corre- 
sponding diminution  of  the  plaques  luis  been  noted.     Hayera's  state- 
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Ill  en  t  that  they  occur  in  greatly  diminished  numbers  in  the  blood 
of  pernicious  anajmia  lacks  confirmation. 

Owing  to  the  rapidity  with  which  the  plaques  tend  to  agglutinate 
after  the  blood  has  been  drawn,  it  is  usually  not  possible  to  study 
the  individual  bodies  in  fresh  specimens,  mounted  in  the  ordinary 
way.  Various  methods  have  since  been  devised  to  overcome  this 
difficulty.  One  of  the  oldest  is  to  place  a  drop  of  Hayem's  fluid 
(see  p.  93)  upon  the  finger  and  to  puncture  the  finger  through  this 
drop.  For  ordinary  purposes  this  method  will  suffice,  but  if  it  is 
desired  to  count  the  plaques  the  procedure  of  Brodie  and  Russell 
should  be  employed  (see  p.  98). 

The  Dust  Particles  or  Hsemokonia  of  MUller. — ^These  may  be 
seen  in  any  fresh  specimen  of  blood,  mounted  in  the  usual  manner. 
They  are  small,  generally  round,  sometimes  dumb-bell  shaped,  color- 
less, highly  refractive  granules,  which  manifest  very  active  molecu- 
lar movements.  They  occur  in  the  plasma  of  the  blood,  and  are 
apparently  not  connected  with  the  process  of  coagulation.  Miiller 
found  them  abnormally  numerous  in  a  case  of  Addison's  disease, 
while  they  were  diminished  during  starvation  and  in  various  cachectic 
conditions.  Stokes  and  Wegefarth  regard  these  granules  as  identical 
with  the  neutrophilic  and  eosinophilic  granules  of  the  leucocytes. 
They  suppose,  moreover,  that  the  bactericidal  power  of  the  leuco- 
cytes of  the  blood,  and  of  the  serum  of  man  and  many  animals,  is 
due  to  their  presence. 

The  Enumeration  of  the  Corpuscles  of  the  Blood  by  the  Method 

of  Thoma-Zeiss. 

Of  the  various  instruments  employed  for  the  enumeration  of  the 
blood-corpuscles,  that  of  Thoma-Zeiss  is  the  most  satisfactorj'  (Fig. 

17). 

It  consists  of  a  capillary  pipette  {8\  having  a  bulb  in  its  upper 
third,  the  lower  end  being  graduated  in  parts,  numbered  from  0.1 
to  1,  Avliile  above  the  bulb  a  mark  bearing  the  number  101  is  placed. 
With  this  goes  a  couu ting-chamber  (5)  measuring  exactly  0.1  mm. 
in  depth,  the  floor  of  which  is  ruled  into  sets  of  16  small  squares, 
each  small  square  underlying  a  space  of  ^^^^^  cbmm. 

Enumeration  of  the  Red  Corpuscles. — In  order  to  count  the  red 
corpuscles  with  this  instrument  the  tip  of  a  finger  or  the  lobe  of  the 
ear  is  punctured  with  a  sharp-pointed  scalpel,  after  having  been 
carefully  cleansed  with  soap  and  water,  alcohol,  and  finally  with 
ether.  The  exuding  blood  is  drawn  into  the  capillary  tube  to  a 
given  mark,  generally  to  1  or  0.5,  according  to  the  degree  of  dilution 
desired,  care  being  taken  that  no  pressure  is  exerted  u[K)n  the  finger, 
and  that  the  tij)  of  the  instrument  comes  in  contact  with  the  blood 
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onlj.  The  point  of  the  tube  is  then  rapidly  wiped,  and  the  blood 
diluted  with  a  3-per-cent.  solution  of  common  salt,  which  is  drawn 
into  the  pipette  to  the  mark  101. 

Toison's  fluid  is  still  more  convenient  as  a  diluent,  as  the  leuco- 
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Thoma-Zeiss  blood-couDting  apparatus. 


cytes  are  stained  by  the  methyl-violet,  and  are  thus  rendered  more 
easily  visible.     Its  composition  is  the  following : 


Distilled  water 160  parts. 

Glvcerin 30     ** 

Sodium  sulphate 8      ^' 

Sodium  chloride 1  part. 

Methyl-violet 0.026  part. 

Other  solutions  such  as  a  15-20-per-cent.  solution  of  magnesium 
sulphate,  a  5-per-cent.  solution  of  sodium  sulphate,  Hayem's  or  Pa- 
cini's fluid,  may  also  be  employed  for  the  same  purpose. 

Formula  of  Hayem's  fluid  : 


Bichloride  of  mercury 
Sodium  sulphate 
Sodium  chloride 
Distilled  water 


0.5  grm. 
f5.0  grms. 
2.0     ** 
200.0     '' 


Formula  of  Pacini's  fluid  : 

Bichloride  of  mercury 
Sodium  chloride 
Glvcerine 
Distilled  water 


2.0  grms. 
4.0      ** 
26.0      *' 
226.0     " 


The  contents  of  the  bulb  are  now  thoroughly  mixed  by  shaking, 
in  which  the  glass  bead  (£),  contained  in  the  bulb,  aids  very  ma- 
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tcrially.  The  contents  of  the  capillary  tube  are  then  cautiously  ex- 
pelled, as  this  only  contains  the  diluting  fluid.  A  drop  of  the 
mixture  is  now  placed  on  the  couoting-charaber,  and  the  cover-slip 
(r)  adjusted,  bubbles  of  air  being  carefully  excluded.  When  properly 
preiKired,  Newton's  colored  rings  should  be  seen  at  the  margin  of  the 
drop.  After  allowing  the  eorpiiscles  to  settle — from  three  to  five 
minutes  arc  generally  sufficient — they  are  counted.  At  least  one 
whole  field,  or  if  special  accuracy  ia  required,  two  whole  fields  should 
be  gone  over — i.  e,,  200  or  400  small  squares,  respectively,  when 
counting  the  red,  and  at  least  four  whole  fields  when  counting  the 
white. 

It  is  convenient  to  count  the  red  corpuscles  in  sets  of  four  small 
squares,  lying  side  by  side  in  a  horizontal  direction,  note  being 
taken  of  every  corpuscle  that  touches  the  upper  and  left  boundary- 
lines  of  the  large  squares,  no  matter  whether  the  body  of  the  cell 
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lies  inside  or  outside  of  these  lines;  those  touching  the  lower  and 
right  lines  are  neglected.  It  will  bo  noted  that  every  large 
square  ia  separsited  from  its  neighbor,  both  horizontally  and  verti- 
cally, by  a  row  of  small  squares  traversed  by  a  mesially  placed  line, 
which  serves  as  a  guide  to  the  next  large  square  {Fig.  18).  As  a 
general  rule,  it  will  be  found  most  convenient  to  ignore  these  inter- 
mediary s<£uares,  account  being  taken  only  of  the  large  ones. 

In  order  to  calculate  the  number  of  red  corpuscles  contained  in 
one  cbmm.  of  blood  the  total  number  noted  is  divided  by  the  num- 
ber of  small  squares  counted,  the  result  giving  the  average  number 
contained  in  one  small  squiire — i.  e.,  in  5555-  cbmm.  One  cbmm. 
of  the  diluted  blood  will  then  contain  4,000  times  this  number,  and 
one  cbmm.  of  undiluted  blood  the  product  of  this  figure  and  the  de- 
gree of  dilution. 

Example:  Supposing  that  1,200  red  corpuscles  were  counted  in 
400  small  squares,  the  average  number  contained  in  one — i.  c,  in 
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TdVtt  <5bmm.  of  diluted  blood — would  be  3,  corresponding  to  12,000 
c<»rpn^acle8  for  each  cbmm.;  supiK)siug,  further,  that  the  blood  was  di- 
luted 200  times,  there  would  be  2,400,000  in  one  cbmm.  of  the  un- 
dilut^!^  blood. 

Ezfe^^tuneration  of  the  White  Corpuscles. — The  leucocytes,  when 
pres^xit  in  increased  numbers,  may  also  be  counted  with  this  instru- 
ment^ but  not  less  than  four  whole  fields  should  be  covered  in  the 
exarckination. 

^V^ith  an  approximately  normal  number  of  leucocytes,  however,  it 

is  n^K^essary  to  resort  to  special  pipettes,  which  are  constructed  for  a 

dil^itiion  of  1:10  or   1  :20.     With  the  diluting  fluids   mentioned 

aboxr^  it  would  be  impossible,  however,  to  count  the  leucocytes  in  a 

Bais:^t:ure  of  this  proportion,  as  a  large  number  would  be  concealed  by 

the   x-ed  corpuscles.     An  0.3— 0.5-per-cent.  solution  of  acetic  acid  is 

theirefore  used,  which  destroys  the  red  corpuscles  and  renders   the 

nuolei  of  the  white  more  distinct.      In  the  absence  of  a  special  pipette, 

^"  ordinary  1-cbmm.  pipette,  accurately  graduated  in  tenths  may  be 

^n^ ployed.     0.9  c.c.  of  the  acetic-acid  solution  is  placed  in  a  watch 

^^'stal  and  there  mixed  with  0.1  c.c.  of  blood,  when  the  counting 

<^«uinber  is   filled  and  covered  as  described.     In   order    to  obtain 

gr'oater  accuracy  the  entire  field  of  the  microscope  is  now  counted,  a 

lower  power  being  employed  with  which  the  rulings  are  just  visible. 

TIi^  cubic  contents  of  the  field  of  vision  are  now  determined  accord- 

^'ig  to  the  formula  Q  =  ;:r*  X  0.1.     Q  represents  the  cubic  contents 

^^     be  determined  ;  r,  the  radius,  which   is   readily  ascertained  by 

^^^ting  the  number  of  vertical  lines  which  cross  the  field,  bearing  in 

'^^ind  that  the  distance  between  two  of  these  is  equivalent  to  ^-^  mm. 

v^l^e  area  of  each  small  square  being  jj-^  mm.),  and   dividing  the 

^**5xn8verse  distance  by  2 ;  the  value,  ;r,  is  constant,  3.1416  ;  0.1  rep- 

'^^^ents  the  depth  of  the  chamber. 

If  n  represents  the  number  of  white  corpuscles  contained  in  the 
^^1(1,  the  cubic  contents  of  which  are  Q,  the  number  of  corpuscles, 
f^  ,  contained  in  one  cbmm.  of  the  diluted  blood  is  ascertained  accord- 
^^>g  to  the  equation  : 

Q  :  n  :  :  1  :  N  and  N  =     . 

As  the  blood  has  been  diluted  ten  times,  the  value  of  N  for  the 
^on-diluted  blood  will  be  |^,  where  n  represents  the  total  number  of 
leucocytes  and  f  the  number  of  fields  counted. 

Example :  Supposing  the  number  of  leucocytes  found  in  50  fields 
to  have  been  600,  and  the  cubic  contents  of  each  field  0.03925 
cbmm.,  the  total  number  of  leucocytes  contained  in  one  cbmm.  of  un- 
diluted blood,  according  to  the  equation : 

T.^      lO.n         10X600  , ,  ,  u   o  Ar.^ 

^^  ^  f.Q  =  50  X  0703925  ^'^"^^  ^^"'^^^  ^  ^'^^^- 
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Special  care  should  be  taken  to  keep  the  pipette  in  a  clean  condi- 
tion. After  use  it  should  be  rinsed  with  :  (1)  the  diluting  fluid,  (2) 
distilled  water,  (3)  absolute  alcohol,  and  (4)  ether.  If  dust  or  coag- 
ulated blood  adheres  to  the  j)ii>ette,  it  should  be  removed  by  rei>eated 
rinsings  with  strong  acids  or  alkalies,  assisted  if  necessary  by  a 
bristle. 

Indirect  Enumeration  of  the  Leucocjrtes. 

The  number  of  leucocytes  may  also  be  ascertained  in  an  indirect 
manner  by  accurately  counting  the  number  of  red  corpuscles  and  leu- 
cocytes in  dried  and  stained  specimens  with  a  Zeiss  net-micrometer, 
the  ratio  between  the  two  varieties  being  thus  ascertained.  With 
the  Thoma-Zeiss  apparatus  the  number  of  red  corpuscles  contained 
in  one  cbmra.  of  blood  is  then  determined,  when  the  corresponding 
number  of  leucocytes  is  found  according  to  the  equation  : 

1  :  r  :  :  L  :  R,  and  L  =  — 

r 

where  1  and  r  represent  the  number  of  leucocytes  and  red  corpuscles, 
respectively,  as  counted  in  the  dried  specimens,  and  where  L  indi- 
cates the  unknown  number  of  leucocytes  and  R  the  number  of  red 
corpuscles  in  one  cbmm.  of  blood,  as  determined  with  the  Thoma- 
Zeiss  instrument. 

Example :  Supposing  that  700  red  corpuscles  and  only  one  leuco- 
cyte were  counted  in  the  dried  specimen,  and  that  an  estimation  of 
the  red  corpuscles  with  the  Zeiss  apparatus  indicated  the  presence  of 
5,000,000  in  one  cbmm.  of  blood,  the  corresponding  number  of  leu- 
cocytes would  be  7,142,  as  is  apparent  from  the  calculation : 

IR        1.5000000      ^,,„ 
L-    -         —  =-7,142. 

r  /OO 

Notwithstanding  the  apparent  simplicity  of  the  process  of  blood- 
counting,  considerable  experience  is  recjuired  in  order  to  obtain  re- 
sults which  arc  free  from  unavoidable  errors.  In  using  the  Thoma- 
Zeiss  apparatus  errors  of  more  than  2  to  3  per  cent,  should  not  occur. 

Differential  Enumeration  of  the  Leucocytes.  —  A  diiferential 

enumeration  of  the  various  forms  of  leucocytes  can  only  be  carried 
out  in  specimens  which  have  been  stained  so  as  to  bring  out  the  dif- 
ferent granulations.  Ehrlich's  tri-acid  stain  has  heretofore  been  em- 
ployed almost  exclusively  for  this  purpose.  It  gives  good  results  if 
the  stain  has  been  carefully  prepared,  but  does  not  color  the  baso- 
philic granules.  During  the  past  few  months  I  have  used  Jenner's 
stain  almost  exclusivelv  and  have  come  to  the  conclusion  that  in 
many  respects  it  is  better  than  Ehrlich's  stain.  The  granules  are 
well  shown  and  the  stain  can  be  prepared  without  any  difficulty. 
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In  making  a  differential  count  of  the  leucocytes  I  go  over  the 
preparation  as  thoroughly  as  possible,  beginning  at  the  left  upper 
corner.     A  movable  stage  is   of  course  very  convenient,  but  not  a 


necessity.  The  individual  leiicocytca  sire  cl!i.*;sified  as  they  are  mot 
with,  and  the  percentages  finally  oilculatod.  To  obtain  nccnnite  re- 
sults at  least  1,000  should  be  counted. 


98 


THE  BLOOD. 


Ennmeratdon  of  the  Plaques. 
Method  of  Brodie  and  Russell. — The  method  is  an  indirect  one. 
The  red  corpuscles  are  first  counted  iu  the  usual  manner.     A  drop 
of  the  stainiug  fluid,  composed  of  equal  parts  of  a  2-^)er-cent.  solu- 
tion of  common  salt,  and  a  saturated  solution  of  dahlia  in  glycerine, 


is  then  placed  upon  the  finger,  when  this  is  punctured  through  the 
drop  and  the  blood  is  allowed  to  mix  with  the  reagent.  In  this 
mixture,  the  ratio  between  the  phiques  and  the  red  corpuscles  is 
ascertained,  and  the  total  number  of  plaques,  contained  in  one  cubic 
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nnllimetcr  of  blood,  determined  by  Calculation.  The  plaques  are 
stained  the  color  of  dahlia  and  can  be  readily  counted.  Rapid  work, 
however,  is  essential,  as  the  staining  fluid  soon  attacks  the  red 
cor|Hiscles. 

Ehrlich  suggests  the  enumeration  of  the  plaques  in  air-dried  speci- 
mens, which  have  been  stained  with  acit!  erythrosin.  Owing  to  the 
relatively  lar^  amount  of  alkali  which  the  plaques  contain,  they  are 
stained  an  intense  red  with  this  reagent  (see  p.  90). 

Rosin  finally  proposes  that  the  air-tlried  specimens  are  fixed  for 
iH'enty  minutes  by  exposure  to  the  vapors  of  osmic  acid,  and  then 
stained  in  a  concentrated  aqueous  solution  of  methylene  blue. 

The  Hsematokrit. 

"\Vithin  late  years  the  centrifugal  machine  has  also  been  applied 
ti.»  blood-counting,  but  has  not  become  very  popular  in  the  clinical 
laVxiratory. 

Diland's  latest  modification  of  (he  instrument,  originally  devised 
V>y  Hcdin,  is  represented  in  the  accompanying  illustrations  (Figs. 


1!!,  '20,  21,  22),  and  can  be  recommended  to  both  hospital  physicians 
and  those  engaged  in  general  practice.  It  consists  essentially  of  a 
metallic  frame  (Fig,  20),  supported  upon  a  spindle  which  can  be 
rotated  at  high  speed,  one  single  revolution  of  the  large  handle  caus- 
ing 1;J4  revolutions  of  the  frame.  Two  glass  tnbes  50  mm,  in  length 
and  having  a  diameter  of  O.o  mm.  accomj>any  the  instrument.  Kach 
tube  (Fig.  22)  bears  a  scale  ranging  from  0  to  100,  the  individual 
divisions  of  which  are  rendered  easily  visible  by  a  lens-front.  The 
outer  ends  of  the  tube  fit  into  small,  cup-like  depressions,  the  bottoms 
of  which  are  covered  with  thin  rubber.  The  inner  extremities  arc 
held  in  position  by  springs.  The  instrument  should  be  firmly 
secured  to  a  solid  table  and  oiled  daily  when  in  use. 

To  examine  the  blood,  a  rubber  tube,  pn)vide(i  with  a  mouth- 
piece (Fig.  23),  is  slipped  over  the  end  of  one  of  the  glass  tubes, 
when  these  are  filled  completely  by  suction  from  a  drop  of  blood  ob- 
tained from  the  finger  or  the  ear.  The  blunt  point  of  the  tulw  is 
then  quickly  covered  with  the  finger  and  the  tube  fixed  in  the  frame. 
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This  is  rotated  at  a  speed  of  10,000  revolutions  for  two  or  three 
minutes,  when  the  volume  of  the  red  corpuscles  is  directly  read  off. 
In  healthy  individuals  the  volume  of  the  red  corpuscles  is  about  »50 
per  cent.,  so  that  in  a  given  case  a  proportionate  expression  of  the 
percentage  of  corpuscles,  as  compared  with  the  normal,  can  be  ob- 
tained by  multiplying  the  figure  upon  the  scale  by  two. 

As  it  has  been  ascertained  that  1  per  cent,  by  volume  represents 
about  100,000  red  corpuscles,  it  is  only  necessary  to  add  five  ciphers 
to  the  iDercentage-volume  found  in  order  to  obtain  the  number  of 
red  corpuscles  in  one  cbmm.  of  blood. 

Example  :  Supposing  that  in  a  given  case  the  reading  was  35  ;  by 
multiplying  this  figure  by  100,000,  3,500,000  would  represent  the 
number  of  red  corpuscles  contained  in  one  cbmm.  of  blood. 

If  normal  blood  is  examined  with  the  haematokrit,  the  leucocytes 
will  be  seen  to  form  a  narrow  white  band  at  the  central  end  of  the 
column  of  red  corpuscles  ;  a  hyperleucocytosis  is  thus  readily  recog- 
nized. 

BAOTERIOLOOT  AND  PABA8IT0L0OT  OF  THE  BLOOD. 

It  is  generally  admitted  that  micro-organisms  do  not  normally 
occur  in  the  blood ;  in  conditions  which  mav  be  said  to  stand  mid- 
way  between  health  and  disease,  however,  they  are  at  times  met  with. 
In  patients  suffering  from  furuncles,  for  example,  bacteria  may  be 
found  in  the  skin,  in  the  lymphatic  glands,  and  even  in  the  blood  of 
neighboring  tissues,  other  symptoms  of  disease  being  absent.  To 
this  condition  the  term  "latent  microbism"  has  been  applied  by 
Verneuil. 

Under  truly  pathologic  conditions,  on  the  other  hand,  micro- 
organisms are  not  infrequently  found,  and  an  examination  with  this 
view  will  often  lead  to  a  correct  diagnosis. 

For  ease  of  reference  the  various  organisms  that  are  met  with  in 
the  blood  in  disease  will  be  described  under  the  headings  of  the 
resj)octive  diseases  in  which  they  are  found. 

Typhoid  Fever. 

In  typhoid  fever  Eberth's  bacillus  (Plate  XI.,  Fig.  3)  may  at 
times,  though  rarely,  be  demonstrated  in  tlie  blood,  particularly,  it  is 
claimed,  when  taken  from  the  roseolar  six)ts.  As  an  aid  to  diagnosis, 
however,  no  reliance  should  be  placed  upon  the  results  of  such  an 
examination. 

Widal's  Serum  Test. 

Very  much  more  important  is  the  fact  that  the  blood  serum  of 
patients  afilicted  with  typhoid  fever  possesses  the  property  of  cans- 
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ing  arrest  of  motility  and  the  agglutination  of  the  specific  IvicilH. 
This  observation,  originally  made  by  Pfeiffer,  was  first  utilized  for 
diagnostic  purposes  by  Widal,  in  1896.  The  method  which  bears 
his  name  has  now  been  quite  generally  adopted  in  the  cliniciil  labo- 
ratory, and  must  be  regarded  as  a  most  valuable  aid  in  the  diagnosis 
of  typhoid  fever.  The  reaction  occurs  in  over  95  j)er  cent,  of  un- 
doubted cases,  and  may  appear  as  early  as  the  first  day  of  the  dis- 
ease, meaning  thereby  the  first  day  that  the  patient  spends  in  bed, 
or  the  fifth  day  of  general  malaise.  Such  instances,  however,  are 
very  uncommon,  and,  as  a  general  rule,  a  positive  result  is  only  ob- 
tained after  the  fifth  or  the  sixth  dav  in  bed.  In  a  small  number  of 
positive  cases,  on  the  other  hand,  the  patient  may  pass  through  the 
entire  course  of  the  disease,  and  only  present  typical  clumping  dur- 
ing convalescence  or  a  subsequent  relapse.  In  every  case,  therefore, 
in  which  no  reaction  is  obtained  upon  first  trial,  the  test  should  be 
repeated  at  regular  intervals  throughout  the  disease,  until  a  definite 
result  is  obtained.  Intermittence  of  the  reaction,  moreover,  is  very 
common  and  emphasizes  still  further  the  necessity  of  frequent  exam- 
inations in  apparently  negative  cases. 

While  in  some  instances  the  reaction  disappears  very  soon  after 
the  temperature  reaches  normal,  and  even  earlier,  it  generally  con- 
tinues into  convalescence  and  may  be  observed  for  months  and  years 
after  the  attack.  Cases  have  thus  been  recorded,  where  a  |K)»itive 
reaction  could  be  obtained  as  long  as  37  years  after  infection. 

The  question,  whether  or  not  Widal's  reaction  is  a  specific  reac- 
tion of  the  typhoid  organism,  can,  I  think,  be  answered  in  the 
affirmative,  notwithstanding  the  fact  that  cases  of  true  typhoid  fever 
are  at  times  seen,  in  which  no  clumping  is  obtained,  and  although  the 
reaction  has  been  observed  in  cases  which  were  apparently  non- 
typhoid.  Such  exceptions  are  no  doubt  in  part  due  to  faulty  t<?ch- 
nique,  viz,  to  too  low  a  grade  of  dilution  of  the  serum,  the  urn;  of 
old  or  impure  cultures,  too  long  a  time-limit  of  observation,  single 
negative  tests,  etc.  On  the  other  hand,  there  can  be  no  doubt  that 
typhoid  bacilli  are  at  times  present  in  the  body  without  giving  rim* 
to  symptoms  of  typhoid  fever.  In  a  case  of  cholelithiasiM,  ri'iHirtnl 
by  Gushing,  typhoid  bacilli  were  thus  found  in  the  gall-bljuJd<T,  awl 
distinct  clumping  was  observed  with  a  dilution  of  l-*>(>,  nhliouKli 
no  history  of  typhoid  fever  could  be  obtained.  T\u»ro  i^iri  i'ttriiu'r 
be  no  doubt  that  individuals  exist  who  are  naturally  imriiiUM'  ;i^iiirmf 
typhoid  fever  and  that  some  of  the  positive  results,  wlii/'h  \tit\'f  \n'4'tt 
obtained  in  perfectly  healthy  individuals  who  have  nevirr  li;id  fyplioi/l 
fever,  may  be  explained  in  this  manner. 

While  the  reaction  may  hence  be  regardefl  as  a  HjH-^'ifi*'  irif'/ti/MM 
reaction  of  the  typhoid  bacillus,  its  value  in  fl'iH^tn&'i*   U  u*  ;n\\ti 
less  limited.     This  is  largely  owing  to  the  fact  that  in  many  '  iuw  «-  u 
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positive  result  is  not  obtained  before  the  end  of  the  second  or  third 
week,  and  may  even  be  delayed  until  a  relapse  occurs.  Its  per- 
sistence for  years  after  infection  is  also  an  obstacle  to  its  general 
utility,  not  to  speak  of  its  occurrence  in  apparently  healthy  individuals 
and  in  diseases  in  which  an  association  with  the  typhoid  organism  is 
not  apparent. 

WUhtPs  test  w  a  most  vatuahle  aid  in  the  diagnosis  of  typhoid  ferer, 
but  cannot  he  relied  upon  to  the  exclusion  of  other  symptoms. 

Technique  :  The  method  is  based  upon  the  fact  that  typhoid 
serum  will  cause  arrest  of  motility  and  agglutination  of  the  si>ecific 
bacilli,  even  when  diluted,  whereas  clumping  of  the  same  organism  is 
only  obtained  with  sera  from  other  diseases  and  healthy  individuals, 
when  these  are  used  in  a  more  concentrated  form.  The  time-limit 
at  which  clumping  occurs  is  likewise  an  important  factor,  as  non- 
typhoid  sera  are  at  times  met  with,  in  which,  notwithstanding  a  cer- 
tain degree  of  dilution,  agglutination  occurs,  providing  that  the  spec- 
imen is  left  for  a  long  time.  Both  factors,  viz,  the  degree  of  dilu- 
tion necessary  to  eliminate  the  agglutinating  power  of  >non-typhoid 
sera,  as  also  the  time-limit  of  observation,  have  been  arbitrarily  de- 
termined. Widal  originally  advised  a  dilution  of  1  :  10  and  Griiber 
a  time-limit  of  one-half  hour.  At  the  present  time  there  is  a  ten- 
dency, among  German  physicians  especially,  to  increase  the  degree 
of  dilution  to  1  :  40  and  even  1  :  50,  and  the  time-limit  to  from  one  to 
two  hours.  Generally  speaking,  a  positive  reaction  is  of  greater 
value  the  greater  the  degree  of  dilution  at  which  it  can  still  be  ol>- 
tained.  A  uniform  standard,  however,  is  necessary  in  order  to  al- 
low a  strict  comparison  of  results,  and  I  am  jx?rsonally  inclined  to 
favor  the  German  standard. 

In  any  event  only  a  full-virulent,  fresh  bouillon  culture  of  the  ty- 
phoid bacillus,  viz,  one  not  older  than  1()  to  24  hours,  should  be  used. 
The  further  technique  is  simple  :  one  volume  of  blood-serum  is  di- 
luted with  the  requisite  amount  of  the  bouillon  culture,  viz,  to  10,  20, 
30,  40,  or  50  volumes,  as  the  standard  may  be.  Of  this  mixture 
one  drop  is  mounted  on  a  slide,  covere<l  and  examined  with  a  mod- 
erately high  power.  If  the  case  in  question  is  one  of  typhoid  fever 
it  w  ill  l>e  obser\'ed  that  after  a  variable  length  of  time  the  individual 
bacilli,  which  at  first  actively  dart  about  the  field  of  vision,  become 
quiescent  and  tend  to  gather  in  distinct  clumi)s,  while  the  intersjwic^s 
become  entirely  free  from  bacilli  or  very  nearly  so.  After  one-half 
hour,  one  or  two  hours,  acconling  to  the  degree  of  dilution,  all  mo- 
tion has  ceased.  When  the  time-limit  has  expired  and  loss  of  mo- 
tility and  agglutination  have  not  occurred  the  result  is  negative. 
In  such  an  event  further  examinations  should  be  made  on  successive 
days.  In  every  case  it  is  well  to  make  a  control  test  with  the 
simple  bouillon  culture,  so  as  to   insure  the  absence  of  preformed 
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clumps  and  the  virulence  of  the  organism  ;  of  the  latter  the  degree 
of  motility  is  the  best  index. 

In  order  to  secure  the  necessary  degree  of  dilution,  various  meth- 
ods have  been  suggested.  The  simplest  and  the  one  generally  em- 
ployed in  municipal  bacteriologic  laboratories,  is  to  receive  a  large 
drop  of  blood  upon  a  slide  or  slip  of  glazed  paper,  and  to  allow  it  to 
dry.  A  drop  of  distilled  water  is  then  placed  on  the  blood  and  re- 
mains for  several  minutes,  when  it  is  washed  off  and  intimately 
mixed  with  the  requisite  number  of  drops  of  the  bouillon  culture, 
and  examined  as  describe<l.  The  principal  advantages  of  this  method 
are  its  simplicity,  and  the  fact  that  the  dried  blood  retains  its  agglu- 
tinating properties  for  weeks  and  months.  The  results,  however,  are 
less  reliable  than  with  the  use  of  liquid  blood.  If  this  is  to  be  em- 
ployed, properly  graduated  capillary  pipettes  are  prepared,  similar  to 
the  pipettes  accompanying  the  Thoma-Zeiss  hseniocytomcter.  Blood 
is  first  drawn  up  to  a  given  mark  and  expelled  into  a  small  watch 
crystal ;  the  requisite  amount  of  the  bouillon  culture  is  then  obtained 
with  the  same  pipette  and  immediately  mixed  w^th  the  blood,  when 
a  drop  of  the  mixture  is  examined  under  the  microscope.  Steriliza- 
tion of  the  apparatus  used  is  unnecessary,  and  each  pipette  is  de- 
stroyed after  use. 

If  it  is  desired  to  keep  the  liquid  blood  for  any  length  of  time,  sim- 
ilar pipettes  may  be  used  with  a  small  bulb  blown  in  the  middle. 
These  are  first  sterilized  by  heat  and  sealed  at  the  ends.  Before  use, 
one  end  is  broken  off,  the  bulb  heated  in  a  spirit  flame,  and  fille<l  by 
capillary  attraction.  It  is  then  again  sealed  when  the  blood  may  be 
kept  indefinitely.  Another  method  which  is  Siiid  to  be  even  more 
reliable  than  those  mentioned,  is  the  following  : 

After  careful  disinfection  of  the  arm,  5  or  G  c.e.  of  blood  are  with- 
drawn from  one  of  the  superficial  veins,  by  means  of  a  sterilized 
hypodermic  syringe,  and  placed  in  a  sterilized  test-tube,  measuring 
from  10  to  12  cm.  in  length.  The  blood  is  allowed  to  stand  until 
the  serum  has  separated  from  the  clot,  which  may  be  hastened  by 
loosening  the  coagulum  from  the  walls  of  the  tube  with  a  platinum 
needle.  Eight  drops  of  the  serum  are  added  to  4  e.e.  of  nutrient 
bouillon,  which  should  be  as  nearly  neutral  as  possible,  when  the 
mixture  is  inoculated  with  one  oese  (platinum  loopful)  of  a  fresh 
bouillon  culture  of  the  typhoid  bacillus,  not  more  than  24  hours  old. 
The  tube  is  kept  at  a  temperature  of  »n°  C.  for  24  hours.  At  the 
end  of  this  time,  and  frequently  earlier  already,  the  bouillon  will  be 
absolutely  clear,  or  very  nearly  so,  while  little  flakes,  composed  of 
the  bacilli,  will  be  seen  at  the  bottom  and  adhering  to  the  sides  of 
the  tube,  if  the  case  under  observation  is  one  of  typhoid  fever  ;  other- 
wise the  bouillon  has  become  uniformlv  cloudv,  and  a  true  sediment 
does  not  occur.     A  pseudo-reaction  may  also  occur  at  times,  which 
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should  not  be  confounded  with  the  one  just  described.  Innumerable 
microscopic,  dust-like  particles  will  then  be  seen,  scattered  through- 
out the  fluid,  which  can  be  readily  distinguished  from  the  cloudy 
appearance  of  non-typhoid  specimens.  It  has  been  suggested  that 
this  result  is  obtained  in  cases  of  intense  infection  with  the  bacillus 
coli  communis.  Should  any  doubt  arise,  it  is  only  necessary  to  keep 
such  tubes  for  a  few  hours  at  a  temperature  of  37®  C,  when  it 
will  be  noticed  that  the  dust-like  aspect  has  given  place  to  the  ordi- 
nary cloudy  appearance,  observed  in  cases  which  are  not  typhoid 
fever. 

Of  the  nature  of  the  substance  or  substances  which  cause  aggluti- 
nation— aggliUinina — very  little  is  known  that  is  definite.  It  appears 
that  in  the  blood  they  are  intimately  associated  with  fibrinogen  and 
globulin,  as  plasma,  from  which  these  two  bodies  have  been  removed, 
no  longer  possesses  agglutinating  properties.  As  chemical  differ- 
ences, however,  apparently  do  not  exist  between  normal  globulin  and 
globulin  obtained  from  typhoid  blood,  it  seems  likely  that  the  sub- 
stances in  question  do  not  form  an  integral  part  of  the  globulin 
molecule,  but  are  perhaps  mechanically  thrown  down,  when  the 
proteid  substances  are  precipitated.  This  view  is  rendered  probable 
by  the  fact  that  typhoid  urine,  free  from  albumin,  may  likewise  cause 
arrest  of  motility  and  agglutination  of  typhoid  bacilli.  Attempts  to 
separate  the  agglutinins  from  the  proteids  of  the  blood  have  thus  fiw 
not  been  successful. 

The  milk  of  immunized  animals,  or  of  typhoid  patients,  acts  like 
the  blo<xl  and  in  it  the  agglutinins  are  apparently  associated  with 
casein.  Exposure  of  such  milk  to  a  temj>erature  of  80°  C.  abolishes 
its  agglutinating  power.  Very  interesting  is  the  observation  of 
Malvoz,  that  very  dilute  solutions  of  safranin  and  vesuvin  act  upon 
the  typhoid  bacilli,  as  typhoid  serum  does,  and  upon  these  bacilli 
onlv. 

Pneumonia. 

Recent  research  has  brought  to  light  the  interesting  fact  that 
in  fatal  cases  of  acute  croupous  pneumonia  the  specific  diplococcus  is 
quite  frequently  present  in  the  blood,  while  in  cases  ending  in  re- 
covery it  is  only  exceptionally  encountered.  I  have  found,  as  a  mat- 
ter of  fact,  that  a  positive  result  is  obtained  in  more  than  89  percent, 
of  the  fatal  cases.  The  invasion  of  the  blood  usually  occurs  twenty- 
four  to  forty-eight  hours  before  death,  but  may  also  take  place  at  an 
earlier  date  or  be  delayed.  From  the  standpoint  of  prognosis  a 
bacteriologic  examination  of  the  blood  may  thus  be  of  considerable 
importance.  It  should  be  remembered,  however,  that  while  a  posi- 
tive result  is  always  a  symptom  mall  ominia,  there  are  cases  on  record 
in  which  recovery  occurred  notwithstanding  the  presence  of  diplococci 


BACTERIOLOGY  AND  PARASITOLOGY  OF  THE  BLOOD,    106 

in  the  blood.  In  such  cases  metastatic  infection  has  probably  oc- 
curred. 

The  examination,  which  should  be  repeated  every  day,  is  con- 
ducted as  follows :  After  disinfection  of  the  arm  one  of  the  super- 
ficial veins  is  compressed  with  a  finger  and  punctured  with  an  ordi- 
nary hypodermic  syringe,  which  has  been  previously  sterilized  in 
boiling  water.  Five  c.c.  of  blood  are  aspirated  and  agar-tubes — 
liquefied  at  40°  C. — inoculated,  each  with  1  c.c.  of  the  blood.  Plates 
are  then  prepared  and  kept  at  a  temperature  of  from  35*^  to  37°  C. 
The  colonies  number  from  2  to  200,  and  appear  as  small,  round, 
grayish,  jelly-like  drops,  which  are  quite  characteristic.  During 
their  growth  they  cause  a  greenish  discoloration  of  the  blood-agar. 
Other  bacteria  possess  the  same  property,  but  in  a  less  marked  degree 
than  the  diplococcus  pneumonise. 

The  individual  organism  (Plate  XIII.,  Fig.  2)  is  capsulated  and 
usually  occurs  in  pairs,  arranged  end-to-end  or  in  short  chains.  At 
times,  however,  the  chains  are  quite  long,  and  it  may  then  be  difficult 
to  distinguish  it  from  streptococci.  It  is  easily  stained  with  the 
common  anilin  dyes.  In  order  to  differentiate  the  capsule  the  follow- 
ing method,  suggested  by  Welch,  is  best  employed  :  Spread  and 
dried  cover-glass  preparations  are  treated  first  with  glacial  acetic  acid, 
which  is  allowed  to  drain  off,  and  is  replaced  (without  washing  in 
water)  with  anilin  gentian-violet  solution.  The  staining-solution  is 
repeatedly  added  until  all  the  acid  is  displaced.  The  specimen  is 
now  washed  in  a  weak  salt-solution  (about  2  per  cent.),  and  examined 
in  this,  and  not  in  balsam.  The  capsule  and  coccus  can  thus  be 
differentiated. 

The  oi^anism  also  grows  on  gelatin  without  causing  its  liquefac- 
tion. 

Sepsis. 

The  importance  of  a  careful  bacteriologic  examination  of  the  blood 
in  cases  of  septic  infection  has  now  been  definitely  established. 
Large  quantities  of  blood  are,  liowever,  necessary,  and  reliance 
should  never  be  placed  upon  a  microscopic  examination  of  a  single 
drop.  In  doubtful  cases  it  is  best  to  cup  the  patient  and  to  inocu- 
late agar-plates  and  bouillon-tubes  with  the  serum.  The  animal  ex- 
periment, viz,  the  injection  of  0.5  to  2.0  c.c.  into  the  peritoneal 
cavity  of  white  mice  will  also  be  found  most  valuable.  Petriischky 
has  shown  that  in  severe  cases  of  septic  infection  it  is  almost  always 
possible  to  find  streptococci  in  the  blood,  while  in  the  milder  cases  a 
negative  result  is  reached.  He  has  found,  moreover,  that  while  as  a 
general  rule  the  presence  of  streptococci  will  justify  a  grave  prog- 
nosis quoad  vitavi,  death  does  not  necessarily  occur  in  every  cixse. 
His  results  are  tabulated  below  : 
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NEfiATIVE   ReSFLTS. 

Death  4. 

5  canes  of  pnerperal  fever 1 

2  *'     phle^rmoDoos  absceffi,  aasocuted  with  erysipelas .  O 

3  *'     simple  ery!*ipebb*        .......<> 

8  **     enr^ipelas  ^convaleseingj    ......     0 

1         "     emlocarditis  0 

1         **     plear»T  with  eflfwion 0 

1  **  '*     '   with  pericarditis 0 

2  **  pneamonia 1 

2  *'  acute  articular  rheumatism 0 

1  '*  scarlatina 0 

5  *•  typhoid  fever 0 

7  **  phthL^is  Tin  3  of  which  a  general  pyogenic  infection 

was  found  pc«t-mortem  ;    2  streptococci )  .4 

PoeiTivE  Results. 

Deaths.  Recoverit*. 

leases  of  sepsis,  following  phlegmonous  abscesses, 
or  pulmonic  infection  ( 4  streptococci, 
1  staphyIoi*occi )        ....       3  2 

9  *'     '*  puerperal   infection    (8  streptococci,  1 

staphylococci; 3  6 

1  case  of  ulcerative  endocarditis  (streptococci)  .       1  0 

2  cases  of  mixed  infection  (stre^itococci)     .         .       1  1 

Streptococci  are  frequently  met  Mith  in  the  blood  after  death  from 
diphtheria,  while  the  staphylococcus  aureus  and  Loeffler's  bacillus  are 
more  rarely  seen.  In  scarlatinal  sepsis  streptococci  have  likewise 
been  found. 

Of  other  micro-organisms  which  may  be  met  with  in  septic  con- 
ditions the  diplococcus  pneumonise  is  the  most  common.  It  has 
been  found  in  peritonitis,  associated  with  carcinoma  of  the  uterus,  in 
erases  of  suppurative  oophoritis,  following  childbirth,  in  cases  of  biliary 
abscess  at  the  time  of  the  chill,  etc.  Friedlander's  bacillus  has  also 
been  found.  In  several  cases  of  gonorrhoeal  septicaemia  the  gono- 
coccus  has  l)een  isolated  during  life.  Proteus  vulgaris  has  been 
found  in  a  few  instances.  The  bacillus  aerogenes  capsulatus  which 
is  so  frecjuently  seen  after  death  has  also  been  obtained  from  the  blood 
of  living  [mtients. 

The  Stnplnfloi'OiX'H^fi  pi/of/enej<  aureuiit  occurs  in  the  form  of  minute 
spherical  IxKlies,  averaging  al>out  0.8  u  in  diameter,  which  readily 
stain  with  the  basic  anilin  dves,  as  also  with  Gram's  method.  Tliev 
usually  occur  in  clumps,  but  may  also  be  seen  in  pairs  and  in  short 
chains.  The  organism  grows  on  all  culture-media,  and  in  the  pres- 
encx;  of  oxygen  gives  rise  to  the  formation  of  an  orange-yellow  pig- 
ment. Gelatin  is  rapidly  liquefied  ;  it  coagulates  milk  and  clouds 
bouillon.  The  St<iphjihK*ocms  pyotjene^  alhicx  and  citreus  differ  from 
the  aureus  by  the  absence  of  pigment  in  the  first  and  by  the  forma- 
tion of  a  lemon-yellow  pigment  in  the  second. 

The  Htrepto(UK'('iu<  pifttfjenex  (Plate  VI.,  Fig.  1)  occurs  in  chains  of 
spherical  cocci  which  usually  vary  from  four  to  twenty  in   number. 
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The  size  of  the  individual  organism  is  somewhat  greater  than  that  of 
the  staphylococcus,  but  may  vary  even  in  one  and  the  same  chain. 
It  is  readily  stained  with  the  basic  anilin  dyes  and  also  with  Gram's 
method.  It  grows  on  all  culture-media  at  the  temperature  of  the 
room,  forming  small  gray  granular  colonies  on  agar  and  gelatin.  As 
a  rule,  it  does  not  liquefy  gelatin,  and  it  may  or  may  not  coagulate 
milk  and  cloud  bouillon.  Several  varieties  are  recognized,  viz. 
Streptococcus  bretris,  which  forms  short  chains ;  Streptocoeciis  lovf/iut, 
which  occurs  in  long  chains;  streptococci  which  render  bouillon 
cloudy,  and  those  which  do  not ;  streptococci  which  form  flocculent, 
sandy,  scaly,  or  viscous  sediments. 

The  Streptococcus  conglomeratus  grows  without  clouding  the  bouil- 
lon, in  the  form  of  dense,  separate  particles,  scales,  or  thin  mem- 
branes at  the  bottom  and  sides  of  the  tube,  and  on  shaking  the  sedi- 
ment it  breaks  up  into  little  specks,  without  producing  uniform,  diffuse 
cloudiness.  The  chains  are  long  and  interwoven  in  conglomerate 
masses.     (Welch.) 

Anthrax. 

The  bacillus  of  anthrax,  as  first  pointed  out  by  Pollender,  Brouell, 
and  Davaine,  is  frequently  met  with  in  the  blood,  where  it  should 
be  sought  for  in  doubtful  cases,  by  staining  with  Loeffler's  method. 
To  this  end  cover-glass  preparations  are  floated  for  five  to  ten  min- 
utes on  a  mixture  of  thirty  c.c.  of  a  concentrated  alcoholic  solution 
of  methylene  blue  and  100  c.c.  of  a  1  :  10,000  solution  of  potas- 
sium hydrate ;  they  are  then  washed  for  five  to  ten  seconds  in  an 
0.5-per-cent.  solution  of  acetic  acid,  treated  with  alcohol,  dried, 
and  mounted  in  balsam.  Thus  stained,  the  bacilli  appear  as  rods 
measuring  from  5  //  to  12  //  in  length  by  1  /i  in  breadth,  and  usually 
present  a  segmented  appearance,  the  extremities  being  slightly  thick- 
ened. Spores  are  not  found,  as  the  organism  multiplies  by  fission. 
When  present  in  large  numbers  it  is  not  even  necessary  to  stain,  as 
the  organisms  can  then  be  seen  without  difficulty  in  fresh  speci- 
mens (Plate  VI.,  Fig.  2). 

In  doubtful  cases,  in  which  a  microscopic  examination  of  the  blood 
yields  negative  results,  a  few  c.c.  of  the  blood  may  be  injected  into 
a  mouse  or  a  guinea-pig,  in  the  blood  of  which  the  bacilli  will  soon 
be  found  in  enormous  numbers,  if  the  disease  is  anthrax. 

Acute  Hiliary  Tuberculosis. 

In  acute  miliary  tuberculosis  tubercle-bacilli  have  repeatedly  Ixen 
observed  in  the  blood,  but  while  their  presence  may  be  regarded  as 
pathognomonic  of  the  disease,  the  search  for  them  is  most  tedious 
and  often  in  vain.     Nevertheless  a  careful  examination  of  the  blood 
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is  indicated  in  doubtful  cases,  but  the  fact  should  ever  be  borne  in 
mind  that  only  a  positive  result  is  of  value. 

For  methods  of  staining  and  description  of  the  tubercle-bacillus 
the  reader  is  referred  to  the  chapter  on  Sputum. 

Olanders. 

In  glanders  the  specific  bacillus  is  constantly  present  in  the  blood, 
and  may  be  demonstrated  by  staining  the  dried  preparations  on  a 
cover-glass  for  five  minutes  with  a  concentrated  alcoholic  solution 
of  methylene  blue,  mixed  just  before  using  with  its  own  volume  of 
a  1  :  10,000  solution  of  potassium  hydrate.  From  this  mixture  the 
specimen  is  passed  for  a  second  or  two  into  a  1-per-cent.  solution  of 
acetic  acid  which  has  been  tinged  a  faint  yellow  by  the  addition 
of  a  little  tropajolin  00  solution ;  it  is  then  decolorized  by  washing 
in  water  containing  two  drops  of  concentrated  sulphuric  acid  and 
one  drop  of  a  5-per-cent.  solution  of  oxalic  acid  for  every  10  c.c. 

Fig.  24. 


^  ?  -     / 

Bacillus  of  glanders.    (  Abbott.  ) 

In  specimens  thus  stained  the  bacilli  apj>ear  as  short  rods,  measur- 
ing from  2  //  to  3  //  in  length  by  0.3  fi  to  0.4  //  in  breadth,  often 
containing  a  spore  at  one  end  (Fig.  24). 

Influenza. 

In  the  sputum  of  influenza  a  specific  organism  has  been  described 
by  Pfeiffer  and  Kitasiito  ;  it  is  also  said  to  l)e  constantly  present  in 
the  blood  of  such  patients.  The  organism  in  question  appears  in 
the  form  of  minute  rods  measuring  0.1  //  in  breadth  by  0.5  //  in 
length,  occurring  either  singly  or  in  chains  of  threes  or  fours.  In 
suitably  prepared  specimens,  owing  to  the  fact  that  their  poles  take 
up  the  stain  more  readily  than  the  middle  portion,  they  convey  the 
impression  of  diplocoeci. 

Canon  advises  the  following  method  for  demonstrating  their  pres- 
ence in  the  blood :  Cover-glass  preparations  that  have  been  allowed 
to  dry  at  an  ordinary  temperature  are  placed  in  absolute  alcohol  for 
five  minutes  and  are  then  stained  at  a  temperature  of  37®  C.  for  from 


BACTERIOLOGY  AND  PARASITOLOGY  OF  THE  BLOOD.    109 

tiiree  to  six  hours,  with  Chenzinsky-Plehn's  solution  (see  p.  87). 
The  specimens  are  washed  in  water,  dried  between  layers  of  filter- 
paper,  and  mounted  in  balsam.  Stained  in  this  manner  the  red  cor- 
puscles are  colored  red,  and  the  leucocytes,  as  well  as  the  bacilli, 
blue.  As  a  rule,  only  from  four  to  twenty  are  found  in  one  prepara- 
tion, usually  occurring  singly,  but  also  in  groups.  Owing  to  the 
fact  that  they  are  found  in  the  blood  only  during  the  acme  of  the 
disease.  Canon  recommends  the  examination  of  the  sputum  for  diag- 
nostic purposes,  a  view  with  which  my  own  observations  are  entirely 
in  accord. 

Relapsing  Fever. 

Relapsing  fever  is  characterized  by  the  presence  in  the  blood,  and 
bere  only,  of  spirilla  or  spirochaetse  which  bear  the  name  of  their 
discoverer,  Obermeier.  In  order  to  search  for  these  organisms  no 
special  precautions  are  necessary.  After  having  carefully  cleansed 
the  finger,  as  described,  a  drop  of  blood  is  mounted  on  a  very  thin 
cover-glass.  This  is  directly  inverted  upon  the  slide,  when  the 
specimen  is  ready  for  examination  ;  an  oil-immersion  lens  is  not  re- 
quired. Attention  is  drawn  to  the  presence  of  these  organisms  by 
certain  disturbances  which  are  noticeable  among  the  red  corpuscles, 
and  upon  careful  examination  it  will  be  seen  that  these  are  caused  by 
the  wriggling  movements  of  the  spirilla.  The  spirochaetaj  Obermeieri 
are  long,  slender  filaments,  measuring  from  36  /i  to  40  //  in  length 
by  0.3  ft  to  0.5  fi  in  breadth,  and  present  from  eight  to  twelve  in- 
curvations of  equal  size  with  tapering  extremities  (Plate  VI.,  Fig. 
3).  These  last  two  characteristics  serve  to  distinguish  this  species 
from  that  described  by  Ehrenberg,  in  which  the  radius  of  the  in- 
curvations is  not  the  same  in  all,  and  in  which  the  extremities  do  not 
ta})er. 

The  number  of  spirilla  which  may  be  found  in  a  drop  of  blood 
varies,  being  greater  during  the  access  of  the  fever,  when  twenty,  or 
even  more,  may  be  observed  in  the  field  of  the  microscope.  They 
occur  either  singly  or  in  bunches  of  from  four  to  twenty,  specimens 
such  as  those  figured  in  the  table  l)oing  frequently  seen.  In  the 
quiescent  stage  they  are  sometimes  arranged  in  the  form  of  rings  or 
of  the  figure  8.  After  the  crisis  they  seem  to  disappear  entirely,  and 
their  presence  during  an  afebrile  period  may  thercibre  be  regarded 
as  indicating  a  pseudocrisis.  During  the  afebrile  periods  small,  bright, 
round  bodies  have  been  described  as  occurring  in  the  blood,  which 
according  to  some  are  spores,  but  according  to  others  merely  represent 
debris  of  the  spirilla. 

Culture-experiments  have  not  been  very  satisfactory-,  although 
Koch,  at  a  temperature  of  from  10°  to  11°  C.  observed  an  increase 
in  their  number. 
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That  confusion  should  ever  arise  in  distinguishing  the  spirilla  of 
relapsing  fever  from  the  free  flagella  observed  at  times  in  malarial 
blood  seems  to  me  very  improbable. 

Yellow  Fever. 

In  yellow  fever  Sanarelli's  hactUus  ieieroides  may  be  isolated  from 
the  blood  during  life.  Wasdin  and  Giddings  found  it  in  twelve 
cases  out  of  fourteen,  after  the  third  day  of  the  disease,  and  also  ob- 
tained it  from  the  remaining  two  after  death.  In  other  diseases  it 
was  not  found.  For  details  see  the  report  of  the  commission  of  med- 
ical officers  of  the  marine  hospital  service,  detailed  by  the  U.  S. 
government  to  investigate  the  cause  of  yellow  fever. 


The  discovery  in  the  blood  of  a  specific  micro-organism  belonging 
to  the  class  of  protozoa,  the  pla^modium  malatice  of  LaveraiXj  and  of 
its  invariable  presence  in  the  different  forms  of  this  disease,  must  be 
r^arded  as  one  of  the  most  important  in  clinical  medicine.  This  is 
not  the  place  to  point  out  how  frequently  a  diagnosis  of  malarial 
fever  based  upon  clinical  symptoms  alone  has  proved  false,  or  how 
often  a  tubercular,  a  syphilitic  or  a  septic  infection  has  been  over- 
looked and  termed  malaria.  It  will  suffice  to  say  that  errors  of  this 
kind,  in  view  of  our  present  knowledge  and  the  ease  with  which  they 
can  be  avoided  by  every  physician,  should  no  longer  occur.  The 
dmgnosU  of  malaria  should  in  every  ca^e  be  based  upon  a  microscopic 
examination  of  the  blood. 

The  search  for  the  specific  organism,  it  is  true,  may  be  very  tedi- 
ous at  times,  but  it  will  always  be  crowned  with  success  if  the  dis- 
ease in  question  is  malaria.  Again  and  again  I  have  seen  cases  in 
which  the  clinical  symptoms  alone  would  not  have  warranted  the 
diagnosis  of  malaria,  and  in  which  the  true  nature  of  the  disease  was 
cleared  up  only  by  a  careful  examination  of  the  blood  ;  and  cases 
have  often  been  seen  in  which  the  diagnosis  of  malaria  based  upon 
clinical  symptoms  alone  was  disproved  by  the  absence  of  plasmodia 
from  the  blood  and  the  ix)8t-mortem  examination. 

The  parasite  in  question,  as  I  have  already  stated,  is  a  protozoon 
and  belongs  to  the  class  of  hajmatozoa,  representatives  of  which  are 
found  in  the  blood  of  various  animals,  such  as  the  rat,  frog,  tortoise, 
carp,  various  birds,  etc.  Three  varieties  are  known  to  occur  in  the 
blood  of  man,  viz,  the  parasite  of  tertian,  quartan,  and  aestivo-au- 
tumnal  fever.  The  life  history  of  these  organisms  is  now  quite  well 
understood,  and  it  is  known  that  in  addition  to  the  intra-corporeal 
cycle  of  development,  winch  takes  place  in  the  human  body,  there  is 
yet  another,  an   extra-eoriK)real  cycle,  which  occurs  in  certain  mos- 
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quitoes^  belonging  to  the  genus  Anopheles.  Infection  occurs  through 
the  bites  of  such  mosquitoes,  which  themselves  have  been  infected 
by  sucking  the  blood  of  malarial  patients.  This  has  now  been 
abundantly  demonstrated  by  Ross,  Grossi,  and  others  and  can  be  re- 
garded as  an  established  fact. 

Method  of  Examination. — ^The  necessary  amount  of  blood  is 
best  obtained  by  puncture  of  a  finger  or  the  lobe  of  the  ear, 
after  this  has  been  thoroughly  cleansed  with  soap  and  water  and 
dried.  The  first  few  drops  are  wiped  away.  A  small  drop 
of  blood  is  then  received  upon  a  cover-glass  held  with  a  pair  of 
forceps,  care  being  taken  that  the  tip  of  the  drop  only  is  touched, 
when  the  specimen  is  immediately  transferred  to  a  slide.  Cover- 
glasses  and  slides  must  be  absolutely  clean,  and  it  is  best  to  keep 
both  in  bottles  filled  with  alcohol  or  a  mixture  of  alcohol  and 
ether.  If  these  precautions  are  taken  and  the  drop  is  not  too  large, 
the  corpuscles  will  spread  out  in  an  even  layer  l>etween  the  two 
glasses  and  retain  their  principal  features.  Pressure  should  always 
be  avoided-  For  the  examination  of  the  specimens  an  oil-immersion 
lens  is  almost  indispensable,  unless  the  observer  has  been  thoroughly 
trained  in  hsematologic  research. 

Whenever  the  specimens  can  be  examined  within  two  to  six  hours 
after  their  preparation,  it  is  best  to  use  fresh  blood.  In  that  case  a 
drop  is  mounted  as  usual,  but  guarded  against  evaporation  by  sur- 
rounding the  cover-glass  with  a  little  melted  paraffin.  If  this  is  im- 
possible dried  blood-films  must  be  employed.  These  are  then  stained 
according  to  one  of  the  following  methods  : 

Fntcher's  Method. — The  air-dried  films  are  fixed  for  one  minute 
in  an  0.25-per-cent.  solution  of  formalin  in  95-per-cent.  alcohol. 
But,  as  it  is  important  that  this  solution  should  be  made  up  fresh 
for  each  examination,  it  is  more  convenient  to  keep  a  10-pcr-cent. 
aqueous  solution  of  formalin  on  hand,  and  to  add  four  or  five  drops 
of  this  to  10  c.c.  of  95-per-cent.  alcohol,  just  before  using.  The 
s])ecimens  are  then  rinsed  in  water,  dried  between  filter  paper,  and 
stained  for  from  ten  to  fifteen  seconds  with  a  carbolated  solution  of 
thionin.  This  is  prepared  by  adding  20  c.c.  of  a  saturated  solution 
of  thionin  in  50-per-cent.  alcohol,  to  100  c.c.  of  a  2-per-cent.  solu- 
tion of  carbolic  acid.  The  thionin  carbolatc  which  is  thus  formed 
constitutes  the  active  staining  princii)le.  After  washing  off  the  ex- 
cess of  stain  the  preparations  are  dried  with  filter  paper  and  mounted 
as  usual.  Thus  prepared  the  malarial  parasites  appear  as  reddish- 
violet  bodies  and  are  readily  seen.  The  method  is  of  special  value 
in  staining  the  ring-shaped  bodies  of  the  aestivo-autumnal  infection, 
which  are  difficult  to  see  in  unstained  specimens,  and  usually  do  not 
stain  well  with  eosin  and  methylene  l)lue. 

Jenner's  Method. — This  method  has  already  been  described  (p. 
89),  and  like  Futcher\s  method  furnishes  good  results. 
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Plehn's  Method. — ^The  solution  employed  has  the  following  com- 
position : 

Concentrated  aqueous  solution  of  methylene  blue  .         .  60  c. a 

0.5  %  solution  of  eosin  in  75  %  alcohol        .         .         .  20  c.c. 

Distilled  water 40  c.c. 

Aqueous  solution  of  sodium  hydrate  (20  %  ).         .         .  12  drops. 

The  specimens  arc  fixed  in  absolute  aleoliol  for  from  3  to  5  minutes. 
After  drying  they  are  stained  for  from  5  to  G  minutes,  rinsed  in  water, 
dried  between  filter  paper  and  mounted.  Tlie  red  corpuscles  are 
stained  red,  and  the  nuclei  of  the  leucocytes  and  the  malarial  organ- 
isms blue. 

Staining  with  Iodine. — The  air-dried  blood  films  are  exposed  to 
t!ie  vapors  of  iodine  until  they  have  assumed  a  pronounced  yellow 
color.  To  this  end  a  few  grammes  of  metallic  iodine  are  placcni  in 
a  small  glass  dish,  provided  with  a  well-fitting  top.  The  specimens 
are  left  in  this  dish,  arranged  on  little  glass  tripods  or  similar  con- 
trivances, blood  side  down,  for  ten  minutes  or  longer.  They  are 
then  mounted  in  a  drop  of  syrup  of  lajvulose  and  examined  as  usual. 
Special  fixation  is  generally  not  necessary,  but  at  times  specimens  are 
met  with  in  which  a  dissolution  of  the  haemoglobin  takes  place  in 
the  syrup.  In  such  an  event  a  brief  fixation  is  required,  for  which 
purpose  Futcher's  formalin  or  absolute  alcohol  may  be  employed. 

With  this  method  the  red  blood-corpuscles  practically  present  a 
natural  color,  more  or  less  intensified,  and  the  malarial  organisms 
appear  as  in  fresh  blood.  I  have  found  this  proceclure  especially 
serviceable  in  demonstrating  the  natural  appearance  of  the  parasite 
to  students  at  a  time  when  fresh  blood  was  not  available. 

The  following  forms  may  be  found  in  the  blood  : 

1.  Hyaline  Non-pigmented  Ixtracellular  Bodies. — ^These 
apparently  represent  the  earliest  stage  in  the  development  of  the 
parasite,  and  are  found  in  all  forms  of  malarial  fever,  being  especially 
abundant  during  the  latter  part  of  the  paroxysm  or  immediately 
thereafter.  At  first  sight  they  may  Ini  mistaken  for  vacuoles,  but 
Uj)on  closer  examination  it  will  be  found  that  they  exhibit  distinct 
movements  of  an  ama}lx)id  character,  and  may  thus  be  easily  recog- 
nized with  a  little  experience. 

The  rapidity  with  which  these  changes  in  the  form  of  the  organism 
occur  in  the  tertian  type  of  ague  is  most  astonishing,  and  sketches 
of  any  one  phase  can  often,  indecnl,  be  made  only  from  memory  ;  in 
quartan  fever  the  movements  are  much  slower  and  far  less  extensive. 

In  the  irregular  fever  of  the  a?stivo-autumnal  form  amoeboid 
movements  may  likewise  Ix?  observed,  but  more  commonly  the  para- 
site assumes  a  ring-like  appearance,  and  does  not  throw  out  distinct 
pseudopodia.     If  these  forms  are  carefully  observed,  however,  it  will 
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The    Parasite   of  Tertian    Fever*. 


I,  Normal  Red  Corpuscle;   a-4,  Non-pig^menied  Stag^e  of  the  Organism,  showing  Ainitboid  Movements 
5-7,  Progressive  Pigmentation  and  Growth;  8-11,  the  Process  of  Segmentation  ;   12,  Voung  Forms;    13,  Lartje 
Exlra-cellular  Organism;     14,  Mode  of  Formation  of  Extra-cellular  Body;     15,  Small   Fragmented  Extra-eel 
hilar  Organism;   16,  Flagellate   Body  and    Free   F'lagella,     I'nstained  Spciimen.      (Personal  Ohservation.  I 
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The  Parasite  of  Aestivo- Autumnal   Fever. 

1,  Normal  Red  Corpuscle;  2-10,  Gradual  Growth  of  the  Organism;  11  and  12,  Segmenting  Bodies. 
13,  Young  p'orms  ;  14-22.  Crescents,  Ovoids  and  Spherical  Bodies,  with  and  without  Bib ;  23,  F^lagellate 
Body.     Unstained  Specimen.     (Personal  Observation.) 
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The  Parasite  of  Quartan   Fever. 

dual  (jr«»wih  of  the  Organism  .    7,  HvRmented    Kxira-<;cllulur   B<.«1\  ; 
Varuolutrd    V,xtr;»-ce\\u\ar   \\v><\v  ;     \\ .  YV.\«.e\\A\c    V\>t\v\.      V\\ 
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be  foand  that  they  are  not  absolutely  quiescent,  but  alternately  ex- 
pand and  contract. 

In  tertian  fever  the  organism  (Plate  VII.)  is  pale  and  indistinct, 
while  in  quartan  fever  it  is  sharply  outlined  and  somewhat  refractive 
(Plate  VIII.,  Fig.  2).  In  the  lestivo-autumnal  form  the  organism  is 
usually  much  smaller  than  in  the  tertian  type,  and  the  ring-like 
bodies  frequently  present  a  distinctly  shaded  aspect  at  some  point  in 
their  interior  which  closely  resembles  the  darker  portion  in  the 
centre  of  a  normal  corpuscle  (Plate  VIII.,  Fig.  1).  It  is  thus  possible, 
even  at  this  stage  in  the  development  of  the  parasite,  to  distinguish 
between  fever  of  the  tertian,  quartan,  and  sestivo-autumnal  type. 

The  numbers  in  which  these  small,  non-pigmented  intracellular 
organisms  may  at  times  be  met  with  is  most  astonishing.  In  a  case 
of  pernicious  malarial  fever  of  the  algid  type,  which  I  had  occasion 
to  examine,  and  in  which  a  history  of  only  one  week's  illness  with- 
out chills  was  obtained,  normal  red  corpuscles  were  indeed  only 
exceptionally  found.  The  case  was  one  of  the  sestivo-autumnal  form 
of  fever. 

2.  Pigmented  Intracellular  Organisms. — These  represent 
a  later  stage  in  the  development  of  the  parasite,  and,  like  the  non- 
pigmented  intracellular  bodies,  are  met  with  in  all  types  of  malarial 
fever.  Their  appearance,  however,  differs  considerably  in  the  various 
forms.  In  tertian  fever  minute  granules  of  a  reddish-brown  color 
appear  in  the  bodies  of  the  organism  very  soon  after  the  paroxysm. 
These  gradually  increase  in  number,  while  the  invaded  corpuscles 
proportionately  become  paler  and  paler,  until  finally  only  an  indis- 
tinct shell-like  outline  can  be  discerned.  In  fresh  specimens  the 
granules,  which  often  assume  the  form  of  little  rods,  resembling 
bacteria,  exhibit  most  active  molecular  movements,  attracting  atten- 
tion at  once.  The  body  of  the  parasite,  which  during  it«  develop- 
ment has  gradually  increased  in  size,  is  probably  hyaline,  and  may 
still  be  seen  to  undergo  amceboid  movements.  These  are  not  nearly 
so  active,  however,  as  in  the  non-pigmented  stage.  The  movements, 
moreover,  cannot  be  followed  so  readily,  owing  to  the  presence  of 
the  granules.  At  first  sight  these  appear  to  be  scattered  in  small 
collections  throughout  the  red  corpuscle,  and  the  impression  may  be 
gained  that  several  organisms  are  present  at  the  same  time.  Upon 
closer  investigation,  however,  it  will  l)e  seen  that  this  is  only  appar- 
ently the  case,  and  that  the  granules  are  confined  to  the  bulbous 
extremities  of  the  pseudopodia  of  a  single  parasite.  Before  the  end 
of  forty-eight  hours  the  organism  has  filled  out  the  entire  red  cor- 
puscle, which  at  the  same  time  has  attained  a  larger  size  than  nor- 
mal. The  amceboid  movements  become  less  and  less  marked,  and 
the  pigment -granules,  which  may  still  be  quite  active,  tend  to  collect 
about  the  periphery  (Plate  VII.). 
8 
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In  quartan  fever  pigmented  intracellular  bodies  likewise  appear 
very  soon  after  the  paroxysm.  The  individual  granules,  however, 
are  somewhat  larger,  of  more  irregular  size,  and  darker  in  color  than 
those  seen  in  the  tertian  type  (Plate  VIII.,  Fig.  2).  Instead  of  ex- 
hibiting active  molecular  movements,  moreover,  they  are  almost  en- 
tirely quiescent,  and  are  usually  groui3ed  along  the  periphery  of  the 
organism.  While  amoeboid  movements  can  at  first  be  observed, 
these  become  less  and  less  marked,  until  finally,  at  the  end  of  from 
sixty-four  to  seventy-two  hours,  they  have  ceased.  The  organism 
then  presents  a  round  or  ovoid  form,  but  does  not  fill  the  red  cor- 
puscle entirely.  It  is  curious  to  note  that  in  this  form  of  ague  the 
red  corpuscles  do  not  become  decolorized,  but  rather  darker  than 
normally,  and  at  times  specimens  may  be  seen  which  i)resent  a 
distinctly  greenish  or  brassy  appearance.  When  the  parasite  has 
become  fully  developed  the  corpuscle  is  smaller  than  normally,  and 
on  staining  it  may  be  seen  that  the  organism  is  still  surrounded  by 
a  narrow  zone  of  corpuscular  protoplasm,  even  when  this  is  not  ap- 
parent in  unstained  preparations. 

The  pigmented  intracellular  bodies  which  may  be  found  in  lestivo- 
autumnal  fever  (Plate  VIII.,  Fig.  1)  can  be  readily  distinguished  from 
those  observed  in  tertian  and  quartan  ague.  As  in  these  forms  pig- 
ment-granules also  appear  after  the  paroxysm,  they  are  never 
numerous,  however,,  and  often  only  one  or  two  minute,  dark  gran- 
ules can  be  detected  near  the  periphery.  The  organism  even  in  the 
later  stages  of  its  development,  scarcely  ever  occupies  much  more 
than  one-third  of  the  corpuscle.  Usually  the  granules  exhibit 
scarcely  any  movements.  As  in  the  quartan  type  of  ague,  decolor- 
ization  of  the  red  corpuscles  does  not  occur,  and  here,  as  there,  a 
greenish  brassy  appearance  is  often  observed.  At  times  the  red  cor- 
puscles are  shrunken,  crenated,  or  spiculated. 

At  the  l)eginningand  during  the  paroxysm  forms  are  at  times  seen 
in  which  the  few  pigment-granules  that  may  be  present  have  gathered 
in  the  centre  of  the  parasite  and  formeil  a  solid  clump.  From  the 
fact  that  these  are  only  observed  during  the  paroxysm,  and  that 
central  blocks  of  pigment  are  only  found  during  the  stage  of  seg- 
mentation (see  below)  in  tertian  and  quartan  ague,  Thayer  and  others 
conclude  that  these  bodies  are  pre-sogmenting  forms  of  the  parasite. 
This  belief  is  further  strengthened  by  the  observation  that  pigment- 
bearing  leucocytes  are  then  also  seen,  which  in  the  other  tyjK's  of 
fever  are  likewise  onlv  found  at  this  time.  The  evolution  of  the 
non-pigmented  intracellular  body  in  rostivo-autumnal  fever  is  now 
fairly  well  understood  and  it  is  known  that  the  principal  changes 
occur  in  the  spleen. 

3.  Segmkxting  Bodii->3. — In  cases  of  tertian  and  quartan  fever  the 
•progress  of  segmentation  may  be  directly  observed  under  the  micro- 
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scope,  if  speoiracDS  of  blood  are  obtained  just  prior  to  or  during  the 
<^*hilL  In  tertian  fever  organisms  will  then  be  seen  in  which  the  de- 
sstruction  of  the  red  corpuscles  has  advanced  to  a  stage  where  it  is 
<jnly  possible  to  make  out  a  \ya\e  contour  of  the  original  host.  The 
parasite  itself  has  gradually  assumed  a  granular  appearance,  and  the 
pigment-granules,  which  until  then  have  exhibited  pronounced  mo- 
lecular movements,  now  liecome  quiescent,  larger  and  rounder,  and 
show  a  distinct  tendency  to  CH>llect  in  the  centre  of  the  body.  Here 
they  form  a  roundish  mass  in  which  the  individual  components  can 
scarcely  be  made  out.  While  this  change  in  the  jwsition  of  the  pig- 
ment is  taking  place,  beginning  segmentation  of  the  surrounding 
granular  protoplasm  will  be  observed.  This  at  first  is  most  marked 
at  the  jxiriphery,  from  which  delicate  striae  will  gradually  be  seen  to 
extend  toward  the  central  mass,  dividing  up  the  protoplasm  into  a 
number  of  oval  bodies  which  closely  resemble  the  petals  of  a  flower 
(Plate  VII.).  Still  later  these  bodies,  which  in  reality  are  the  spor- 
ules  of  the  parasite,  will  be  found  scattered  in  an  irregular  manner 
throughout  the  interior  of  the  organism.  The  apparent  envelope 
then  disappears,  and  the  sporules,  which  in  tertian  fever  usually 
number  from  fifteen  to  twenty,  lie  free  in  the  blood.  Quite  fre- 
<juently,  also,  a  sudden  expulsion  of  the  little  bodies  is  observed  and 
the  impression  gained  as  though  the  envelope  had  been  burst  asunder. 
Upon  closer  inspection,  even  at  the  petal  stage,  it  will  be  seen  that 
almost  every  sporule  presents  a  tiny  dot  in  its  interior,  which  may 
at  first  sight  be  mistaken  for  a  pigment  granule,  but  which  in  all 
probability  is  a  nucleus.  After  the  expulsion  of  the  sporules  these 
are  frequently  seen  to  move  about  in  an  active  manner,  but  sooner 
or  later  they  come  to  rest. 

While  the  progress  of  segmentation  is  very  frequently  observed  to 
proceed  in  the  manner  described,  this  is  not  invariably  the  case.  It 
may  thus  happen  that  segmentation  occurs  before  the  pigment- 
granules  have  had  time  to  gather  at  the  centre,  or  that  the  parasitic 
protoplasm  breaks  up  into  sporules  directly  without  the  intervention 
of  the  petal  stage.  In  every  case,  however,  the  formation  of  sporules 
is  directly  associated  with  the  occurrence  of  a  paroxysm,  and  repre- 
sents the  asexual  tyi)e  of  reproduction  of  the  parasite. 

The  ultimate  fate  of  the  sporules  is  not  definitely  known,  but  it  is 
likely  that  they  in  turn  invade  new  corpuscles,  cause  their  destruc- 
tion, and  become  segmented,  thus  giving  rise  to  a  new  generation. 
As  the  process  of  segmentation,  moreover,  coincides  in  time  with  the 
occurrence  of  the  chill,  it  is  apparent  that  the  interval  elapsin^:  between 
two  consecutive  chills — i,  c,  the  type  of  the  ngue — depends  upon  the 
rapidity  with  which  the  non-pigmented  forms  arrive  at  maturity. 

In  quartan  ague  the  manner  in  which  segmentation  takes  place 
differs  somewhat  from  that  observed  in  the  tertian  form.     It  will 
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here  be  observ^ed  that  the  pigment  granules,  which  have  gatliereil 
along  the  periphery  of  the  organism,  as  the  parasite  approaches  ma- 
turity, become  arranged  in  a  stellate  manner,  and  apparently  reach 
the  centre  through  certain  definite  protoplasmic  channels.  Here 
they  finally  form  a  dense  clump,  and  while  the  protoplasm  assumes 
a  finely  granular  appearance  segmentation  proper  begins  and  pro- 
ceeds as  in  the  tertian  form.  In  quartan  ague,  however,  the  num- 
ber of  segments  is  smaller,  varying  between  six  and  twelve.  The 
entire  segmenting  body,  moreover,  is  smaller  than  in  the  tertian 
form,  and  the  segments  are  arranged  in  a  more  symmetrical  manner. 
Here,  indee<l,  the  most  perfect  rosettes  are  observed  (Plate  VIII., 
Fig.  2). 

In  lestivo-autumnal  fever  segmenting  bodies  are  only  exception- 
ally seen  in  the  peripheral  blood,  and  it  appears  that  the  process  of 
reproduction  occurs  principally  in  the  spleen.  The  pre-segmenting 
forms  described  here  undergo  segmentation  in  a  manner  closely  re- 
sembling that  observed  in  tertian  fever.  The  number  of  segments, 
moreover,  is  about  the  same,  varying,  as  a  rule,  between  ten  and 
twenty.  The  segmenting  body  itself,  however,  is  much  smaller  than 
in  either  the  tertian  or  quartan  form,  and  it  is  not  possible  to  dis- 
tinguish any  remains  of  the  original  host. 

4.  Crescentic,  Ovoid,  and  Spherical  Bodies  (Plate  VIII., 
Fig.  1). — ^These  are  only  observed  in  cases  of  sestivo-autumnal  fever, 
when  this  has  persisted  for  at  least  one  week.  At  first  sight  they 
apparently  bear  no  relation  to  the  other  forms  which  have  already 
been  described,  and  it  has  long  been  an  open  question  whether  or 
not  these  bodies  actually  represent  a  stage  in  the  life-history  of  the 
common  malarial  parasites.  Grassi  and  Feletti  have  applied  the 
name  Laverania  malarice  to  this  form.  More  recent  investigations 
have  rendered  it  probable  that  they  are  directly  derived  from  the 
pigmented  intracellular  forms.  Specimens  may  thus  be  met  with  in 
which  crescentic  bodies  are  found  in  the  interior  of  red  corpuscles 
that  have  lost  but  little  of  their  original  color.  Such  observations, 
however,  are  not  common.  The  typical  crescents  which  are  usually 
seen  are  highly  refractive  bodies,  somewhat  larger  than  a  red  cor- 
puscle, measuring  from  7  //  to  9  //  in  length  by  2  /Jt  in  breadth. 
Their  extremities  arc  usually  rounded  off  and  joined  by  a  delicate, 
curved  line  bridging  over  their  concave  border.  This  is  supposed 
to  represent  the  remains  of  the  original  host.  At  other  times  this 
hood-like  appendage  is  found  along  the  convex  border.  The  little 
pigment-granules  and  rods,  which  are  always  found  in  the  interior 
of  the  crescents,  are  generally  collected  about  the  centre  of  the 
body,  but  they  are  occasionally  also  seen  in  one  of  the  horns.  While 
usually  (juiescent,  a  migration  of  some  of  the  granules  toward  one 
extremity  and  back  to  the  central  mass  may  at  times  be  observed. 
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The  ovoid  and  spherical  bodies,  which  are  usually  much  smaller  than 
the  crescents,  exhibit  the  same  general  features,  however,  and  are 
often  likewise  provided  with  a  little  hood.  It  is  now  known  that 
the  spherical  bodies  develop  from  the  ovoids,  and  these  again  from 
the  crescents.  Like  the  crescents,  the  ovoid  and  spherical  forms 
may  be  found  in  the  interior  of  red  corpuscles. 

5.  Extracellular  Pigmented  Bodies. — In  tertian  and  quar- 
tan ague  some  of  the  pigmented  intracellular  bodies,  instead  of  un- 
dergoing segmentation,  when  they  have  arrived  at  maturity,  may 
be  seen  to  leave  their  hosts  and  to  appear  as  such  in  the  blood.  At 
the  same  time  they  increase  considerably  in  size,  and  in  the  tertian 
form  may  indeed  become  as  large  as  a  polynuclear  leucocyte  (Plate 
VII.).  The  pigment-granules,  moreover,  exhibit  an  activity  in  their 
movements,  which  is  most  astonishing,  and  never  observed  under 
other  conditions.  The  outline  of  the  parasite  is  then  usually  irregu- 
lar and  quite  indistinct.  Upon  careful  observation  it  will  be  seen 
that  in  some  of  these  bodies  the  movements  of  the  granules  afler 
a  while  become  less  and  less  marked,  and  finally  cease,  while  the 
body  of  the  parasite  itself  becomes  still  more  irregular  in  outline. 
This  appearance  is  undoubtedly  referable  to  the  death  of  the  organ- 
ism. In  others  a  gradual  fragmentation  is  observed,  small  particles 
of  the  pigmented  mother-substance  being  cut  off  from  the  parent- 
form.  It  is  thus  quite  common  to  see  the  original  parasite  break 
up  into  four  or  five  smaller  bodies,  in  which  the  movements  of  the 
pigment-granules  persist  for  some  time.  Sooner  or  later,  however, 
even  these  cease,  the  outlines  of  the  bodies  become  more  and  more  in- 
distinct, and  death  occurs.  In  still  others  the  formation  of  vacuoles 
may  be  observed,  the  pigment-granules  at  the  same  time  becom- 
ing quiescent.  This  process  is  likewise  regarded  as  one  of  degenera- 
tion. Most  interesting,  however,  is  the  fact  that  flagellation  may 
occur  in  some  of  these  extracellular  forms.  It  will  then  be  observed 
that  the  pigment-granules  which  exhibit  a  most  surprising  activity 
tend  to  collect  near  the  centre  of  the  organism,  while  at  the  same 
time  curious  undulating  movements  may  be  made  out  along  its  con- 
tours. Suddenly  one  or  more  (one  to  six)  extremely  slender  fila- 
ments will  be  seen  to  protrude  from  as  many  points  on  the  pe- 
riphery, presenting  minute  enlargements  here  and  there  in  their 
course  (Plate  VII.).  The  length  of  these  filaments,  or  flagella,  as 
they  are  termed,  varies  considerably.  As  a  rule  it  does  not  exceed 
the  diameter  of  from  five  to  eight  red  corpuscles,  but  much  longer 
specimens  are  at  times  observed,  and  it  appears  to  me  that  in  most 
illustrations  they  are  represented  too  short.  With  these  flagella  the 
organism  exerts  most  active  whipping  movements,  scattering  the  red 
corpuscles  to  the  right  and  left.  Attention  is,  indeed,  usually  first 
drawn  to  the  presence  of  these  bodies  by  the  disturbance  which  they 
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cause  in  the  field  of  vision.  Occasionally  one  of  the  flagella  may  he 
seen  to  become  detached  from  the  body  of  the  parasite  and  to  move 
about  among  the  corpuscles  in  a  rapid,  snake-like  manner.  In  mi- 
croscopic specimens  they  gradually  come  to  a  rest  and  often  curl 
into  a  spiral. 

That  difficulty  should  ever  arise  in  distinguishing  such  detached 
flagella  from  the  spirilla  of  relapsing  fever  seems  very  improbable,  as 
the  true  nature  of  these  formations  is  shown  by  the  presence  or  ab- 
sence of  other  forms  of  the  malarial  organism. 

Beyond  the  fact  that  the  flagellate  organisms  in  tertian  fever  are 
larger  than  in  the  quartan  form,  no  special  points  of  difftrenee  exist 
(Plate  VIII.,  Fig.  2).  In  sesti  vo-autumnal  fever  similar  changes  may 
be  observed.  In  crescents  it  is  thus  not  at  all  uncommon  to  observe 
a  small  hyaline  protrusion  from  the  surface  of  the  organism,  which 
may  later  become  detached.  This  process  was  formerly  regarded  as 
one  of  regeneration,  but  it  is  questionable  whether  this  is  actually  the 
case.  In  other  specimens,  again,  true  fragmentation,  or  vacuoliza- 
tion, may  occur,  and  flagellate  bodies  are  met  with  in  this  type  of 
fever  as  well  as  in  tertian  and  quartan  ague.  The  flagellatt\s,  as  in 
quartan  fever,  are  smaller  than  those  observed  in  the  tertian  form, 
but  other  points  of  difference  do  not  exist  (Plate  VIII.,  Fig.  1). 

The  true  significance  of  these  flagellate  organisms  has  until  recently 
not  been  understood,  but  \\g  now  know  that  they  represent  the  male 
element  in  the  sexual  reproduction  of  the  malarial  parasite,  and  the 
beginning  of  a  new  cycle  of  development,  which  takes  place  outside 
of  the  human  body,  in  the  bodies  of  certain  mosquitoes.  The  begin- 
ning of  this  cycle  was  first  observed  by  MacCallum  in  the  bl(X)d  of 
infected  crows.  He  here  discovered,  that  when  one  of  the  flagella 
broke  loose,  it  almost  always  sought  out  another  full  grown  form  of 
the  parasite,  which  had  not  undergone  segmentation  and  penetrated 
this,  just  as  the  spermatozo5n  penetrates  the  ovum.  Subsequently 
he  observeil  the  same  process  in  the  blood  of  the  human  being.  Th(» 
further  development  of  the  fertilized  forms,  however,  does  not  take 
place  in  the  human  blood,  but  in  the  bodies  of  mosquitoes.  The  fer- 
tilized organism  then  penetrates  the  stomach  wall  of  the  insect  and 
here  gives  rise  to  the  formation  of  little  cysts,  in  which  after  about 
seven  days  numerous  irregular,  rounded  ray-like  strije  appear.  After 
a  time  the  cajysule  of  the  cysts  bursts,  and  the  delicate  thread-like 
bodies  are  set  free  in  the  liody  cavity  of  the  mosquito,  and  shortly 
after  appear  in  the  salivary  glands.  These  bodies  apparently  repre- 
sent the  young  parasites,  wliich  result  from  tlie  sexual  reproduction 
of  the  adult  organism.  If  at  this  stage  of  their  development  the 
infecteil  mosquito  is  allowed  to  bite  tlie  luiman  being,  malarial  infec- 
tion results,  with  the  appearance  in  the  blood  of  the  hyaline  forms 
already  described. 
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From  the  above  description  it  will  be  seen  that  three  forms  of 
the  malarial  parasites  may  be  found  in  the  blood,  viz,  the  parasite  of 
tertian,  quartan,  and  aestivo-autumnal  fever,  and  it  has  been  shown 
that  these  three  forms  may  be  readily  distinguished  from  each  other. 
It  should  be  mentioned,  however,  that  in  tertian  and  (juartau  fever 
several  groups  of  the  same  organism  may  be  present  at  one  time, 
and  as  the  process  of  segmentation  coincides  with  the  occurrence  of 
a  paroxysm,  it  will  be  readily  seen  that  the  number  of  paroxysms 
within  a  given  time  depends  directly  upon  the  number  of  groups 
whic^  may  be  present  in  the  blood.  If  a  double  infection  with  the 
tertian  parasite  has  occurred,  one  group  of  organism  may  thus  have 
just  reached  the  segmenting  stage,  while  the  second  group  has  only 
attained  a  twenty-four  hours'  growth,  the  result  being  that  maturity 
is  reached  by  the  two  groups  on  successive  days.  Quotidian  fever 
is  then  the  result.  Should  still  more  groups  be  present,  the  clinical 
picture  will  accordingly  become  more  c<jmplicatcKl.  In  quartan 
ague,  similarly,  double  quartan  fever  will  occur  if  two  groups  are 
present^  and  triple  quartan  fever  if  three  groui)s  are  present  at  one 
time.     Mixed  infections,  further,  are  also  possible. 

In  conclusion,  it  may  not  be  out  of  place  to  refer  to  the  presence 
of  pigment-bearing  leucocytes  in  the  blood  of  malarial  patients. 
These  are  quite  constantly  met  with  during  the  paroxysm,  and  it  is 
indeed  often  possible  to  observe  the  process  of  phagociftoHis  directly 
under  the  microscope  (see  Fig.  13).  The  forms  which  are  taken  up 
are  the  central  pigment-clumps  of  organisms  that  have  undergone 
sporulation,  the  small,  fragmented  extracellular  forms,  the  flagellate 
bodies,  and  even  the  segmenting  bodies.  In  every  case  where  i>ig- 
ment-bearing  leucocytes — which  are  probably  always  of  the  neu- 
trophilic, polynuclear  variety — ^arc  observed  malarial  fever  should 
be  suspected  and  a  careful  examination  made,  as  a  melauajmia  has 
so  far  only  been  observed  in  this  disease,  in  relapsing  fever,  and  in 
connection  with  the  rare  melanotic  tumcrs,  in  which  not  only  leuco- 
cytes containing  melanin  occur  in  large  numbers,  but  also  masses  of 
this  pigment  float  free  in  the  blood. 

FILARIASIS. 

Filaria  san^nunis  hominis  (Ix^wis),  8?/n.,  filaria  Wuchereri  (da 
SilvaLima);  filaria  Bancroft i  (Co bbold) ;  filaria  Mansoui ;  trichina 
cystica  (Salisbury) ;  trichina  siinguinis  hominis  nocturna  (Manson). 

Several  varieties  of  the  parasite  (Fig.  2o),  which  belongs  to  the 
class  of  nematodes,  have  been  observed  in  the  blood  of  man.  Among 
these  are  the  filaria  sanguinis  hominis  nocturna,  filaria  sanguinis 
hominis  diurna,  or  filaria  sanguinis  hominis,  var.  major,  and  filaria 
sanguinis  hominis,  var,  minor. 
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The  female  of  filaria  noctiirna,  ticcording  to  Manson'e  description, 
is  "a  long,  slender,  hair-like  animal,  quite  three  inehcs  in  length, 
hilt  only  one  one-hundredth  inch  in  breadth,  of  an  opaline  appear- 
ance, looking  as  it  lies  in  the  tissues  like  a  delicate  thread  of  catgut, 
animated  and  wriggling.  A  narrow  alimentary  canal  runs  from 
the  simple  club-like  head  to  within  a  short  distance  of  the  tail,  the 
remainder  of  the  body  beinjt  almost  entirely  onxupied  by  the  repro- 
ductive organs.  The  vagina  appears  about  one  twenty-fifth  of  an 
inch  from  the  head  ;  it  is  very  short  and  bifurcates  into  two  uterine 


liorns,  which,  stufTed  with  embrj'os  in  all  stages  of  development,  run 
backward  nearly  to  the  tail."  (Osier.)  The  male  worm  is  rarely 
seen,  and  is  much  smaller  than  the  female.  While  the  adult  parasite 
has  its  habitat  in  the  lymphatic  channels,  the  embryos,  whieh  are  set 
free  in  enormous  numbers,  invade  the  blood-current,  in  which  they 
may  be  readily  found  at  night ;  during  the  day  an  examination  of 
the  blood  will  usually  yield  negative  results.  This  periodicity  may, 
however,  be  reversed  by  having  the  patient  sleep  in  the  daytime  and 
be  about  at  night.  Kach  embryo  has  an  envelope  of  its  own,  which 
is  hyaline  in  appearance  and  within  which  the  young  worm,  measur- 
ing 0.-i4  mm.  in  length  by  0,0075  mm.  in  breadth,  is  able  to  extend 
and  contract  itself.  In  fresh  ])re))aratioiis  these  organisms  are  readily 
detei'ted  by  the  disturbance  whieh  their  movements  create  among  the 
corpuscles,  when  they  are  apparently  transparent  and  homogeneous ; 
but  after  some  time,  when  the  worm  has  come  to  rest,  it  will  be  seen 
tiiat  they  are  granular  and  tran!»vei"sely  striated. 

As  the  mere  presence  of  these  parasites  usually  does  not  jiroducc 
symptoms,  and  as  an  examination  of  the  blood  made  in  daytime,  as 
already  stated,  generally  yields  negative  results,  attention  is  only 
drawn  to  their  presence  when  symptoms  pointing  to  an  occlusion 
somewhere  in  the  course  of  the  lymphatic  channels  exist,  as  e%-i- 
<lenced  by  chyluria  (which  s(«),  elephantiasis,  or  lymph  scrotum. 
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DI8T0MIA8I8. 

Bilharzia  hsematobia  (Cobbold),  syn.^  gynsecophorus  (Diesing) ; 
distomum  hcematobium  (Bilharz) ;  schistosoma  (Weinland) ;  distoma 
capense  (Harley)  ;  thecosoma  (Maguin-Tandon). 

The  Bilharzia  hsematobia  belongs  to  the  class  of  trematode  pla- 
todes,  and  has  never  been  met  with  in  the  United  States  or  in 
Europe.  According  to  Bilharz,  the  greater  jwrtion  of  the  Fellah 
and  Coptic  population  of  Egypt  is  infected.     It  may  give  rise  to 

Fio.  26. 


Bilharzia  heematobia.    Male  and  female,  with  egg».    (v.  Jaksch.) 

diarrhoea,  hsematuria,  and  ulceration  of  the  mucous  surfaces.  The 
male  is  smaller,  but  thicker  than  the  female,  measuring  from  12  to 
14  mm.  in  length ;  on  its  abdominal  surface  a  deep  groove  is  found 
\s\i\i  overlapping  edges,  which  serves  for  the  reception  of  the  female 
(Fig.  26). 

While  the  adult  parasite  is  but  rarely  seen  in  the  blood,  its  ova 
are  frequently  found.  These  are  slender  bodies,  measuring  0.12 
mm.  in  length  by  0.04  mm.  in  breadth,  and  are  provided  with  a 
distinct  spike-like  little  projection,  which  issues  from  one  extremity 
or  the  side. 
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THE   SECRETIONS   OF   THE   MOUTH. 

SALIVA. 

Normal  saliva  is  a  mixture  of  secretions  derived  from  the  sub- 
maxillary, sublingual,  parotid,  and  mucous  glands  of  the  mouth. 
It  is  a  colorless,  inodorous,  tasteless,  somewhat  stringy  and  frothy 
liquid,  and  serves  the  purpose  of  aiding  in  the  acts  of  mastication, 
deglutition,  a:id  digestion.  The  quantity  secreted  in  twenty-four 
hours  amounts  to  about  1,500  grammes. 

Gteneral  Characteristics. 

Normal  saliva  has  a  specific  gravity  of  from  1.002  to  1.009,  cor- 
responding to  the  presence  of  from  4  to  10  grammes  of  solids.  Its 
reaction  is  usually  slightly  alkaline ;  it  may,  however,  become  acid 
at  times,  when  lactic  acid  fermentation  takes  place  in  the  mouth. 
This  acid,  according  to  Magittot,  corrodes  the  enamel  of  the  teeth, 
and  may  ultimately  produce  dental  caries. 

Chemistry  of  the  Saliva. 

In  order  to  give  an  idea  of  the  general  composition  of  the  saliva 
the  following  analyses  are  appended,  the  figures  corresponding  to 
1 ,000  parts  by  weight : 

Water 995.2  994.20  988.1 

Ptyalin» 1.34  1.30  1.3 

?!*"?u"r       I    .         .         .         .         1.62  2.20  2.6 

Epithelium  ) 

Fattv  matter    ...         0.5 

Sulphocyanidcs         .         .         .         0.06  0.04  0.09 

Alkaline  chlorides    .         .         .         0.84  

Disodiiim  phosphate  .         .         0.94  2.20  3.4 

Magnesium  and  calcium  salts    .         0.04  

Alkaline  carbonates  

In  order  to  demonstrate  the  presence  of  the  sulphocyanides  it  is 
usually  only  necessary  to  heat  a  few  c.c.  of  the  pure  saliva,  faintly 
acidified  with  hydrochloric  acid,  with  a  dilute  solution  of  perchlo- 

*  These  figures  are  too  high,  as  they  refer  to  the  total  precipitate  obtained  with 
alcohol. 
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ride  of  iron,  when  a  red  color  will  be  seen  to  develop.  If  necessary, 
larger  quantities,  such  as  100  c.c,  are  evaporated  ;  the  test  is  then  ap- 
plied to  the  concentrated  fluid.  Of  organic  matter  a  little  albumin, 
mixed  with  mucin,  and  about  1  gramme  of  urea  pro  litre  are  found. 
Of  all  these  substances,  the  ptyalin  is  especially  interesting  from  a 
physiologic  point  of  view.  It  may  be  prepared  in  a  pure  state,  ac- 
cording to  Gautier^s  method  : 

To  a  large  quantity  of  saliva  alcohol  (98-per-cent.)  is  added  as  long 
as  a  flocculent  precipitate  is  seen  to  form.  This  is  collected  upon  a 
small  filter  and  dissolved  in  a  little  distilled  water.  The  solution 
thus  obtained  is  treated  with  several  drops  of  a  solution  of  bichloride 
of  mercury,  in  order  to  remove  albuminous  material,  which  is  filtered 
ofl;  The  excess  of  mercury  is  removed  by  means  of  sulphuretted 
hydrogen,  when  the  remaining  liquid  is  evaporated  at  a  temperature 
of  from  35°  to  40°  C,  and  taken  up  with  strong  alcohol.  The  in- 
soluble residue  is  dissolved  in  a  little  water,  filtered,  dialyzed  in 
order  to  remove  inorganic  salts,  and  finally  precipitated  with  strong 
alcohol,  when  ptyalin  will  separate  out  in  light  flakes.  Obtained 
in  this  manner  ptyalin  is  a  white,  amorphous  substance,  soluble  in 
water,  dilute  alcohol,  and  glycerine.  In  neutral  or  even  slightly  al- 
kaline solutions,  but  not  in  acid  solutions,  it  rapidly  transforms 
boiled  starch  into  dextrin  and  sugar  at  a  temperature  of  from  35° 
to  40°  C.    This  transformation  takes  place  according  to  the  equation  : 

starch.  Maltose.         AchriKldcxtrin.    Erythrodextrin. 

lOC.lIjoOs  +  4H,0  =  4C„H«0„    +    CJI.oOj    -j-    C,U,fi, 

In  order  to  test  for  the  presence  of  ptyalin  a  few  c.c.  of  saliva  are 
filtered  and  added  to  a  solution  of  starch ;  the  mixture  is  placed  in 
the  warm  chamber  for  some  time,  when  it  is  tested  with  sulphate 
of  copper  or  iodine.  At  first,  starch  gives  a  blue  color  with  iodine  ; 
after  the  reaction  has  proceeded  further  a  red  or  violet-red  color  is 
obtained,  indicating  the  presence  of  erythrodextrin,  while  no  change 
in  color  at  all  results  when  achrocklextrin  only  is  present.  The 
maltose  may  be  recognized  by  the  fact  that  it  turns  the  plane  of 
polarization  more  strongly  to  the  right  than  glucose ;  it  also  reduces 
Fehling's  solution,  and  may  thus  be  recognized  in  the  absence  of 
glucose. 

The  test  for  nitrites,  which  may  likewise  be  present  iu  the  saliva, 
is  conducted  in  the  following  manner:  About  10  c.c.  of  saliva  are 
treated  with  a  few  drops  of  Ilcwvay^s  reageni  and  heated  to  a  temper- 
ature of  80°  C,  when  in  the  presence  of  nitrites  a  red  color  will  de- 
velop. The  reagent  is  prepared  as  follows :  0.5  gramme  of  sul- 
phanilic  acid  in  150  c.c.  of  dilute  acetic  acid  is  treated  with  0.1 
gramme  of  naphtylamin,  dissolved  in  20  c.c.  of  boiling  water.  After 
standing  for  some  time  the  supernatant  fluid  is  poured  off  and  the 
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blue  aediment  dissolved  in  150  c.c.  of  dilute  acetic  acid.     The  solu- 
tion is  kept  in  a  sealed  bottle. 

Kicroscopic  Examination  of  the  Saliva. 
If  normal  saliva  is  allowed  to  stand,  two  layers  will  be  seen  Ui 
form,  viz,  an  upper  clear  and  a  lower  cloudy  layer,  which  latt«r  con- 
taius  certain  morphologic  elements.  Among  these  salivary  cor- 
puscles, pavement  epithelial  cells  and  micro-ot^anisms  are  found, 
(Fig.  27). 

Fig.  27. 
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The  salivary  corpuscles  resemble  white  corpuscles  very  closely, 
but  differ  in  their  greater  size  and  coarser  appearance.  The  epi- 
thelial cells  are  lai^,  irregular,  polygonal  cells,  provided  with  well- 
defined  nuclei  and  nucleoli ;  they  exhibit  certain  irregularities  in 
size,  according  to  their  origin,  and  lielong  to  the  class  of  pavement 
or  stratified  epithelium. 

Micro -organisms. — While  schizomycctes  and  moulds  arc  only 
exceptionally  found  iu  the  mouth  under  normal  conditions,  and  arc 
then  undoubtedly  derived  from  ingested  food,  bacteria  are  always 
present  in  large  number.'!,  and  it  cannot  be  surprising  that  all  forms 
which  are  found  in  the  air,  food,  and  drink  may  here  be  encountered 
(Plate  IX.,  Fig.  1).  Some  of  these,  such  as  the  leptothrix  buccalis 
innominata,  bacillus  buccalis  maximus,  leptothrix  buccalis  maxima, 
todocoecus  vaglnatus,  spirillum  sputigeuum,  and  spirochiete  dentium, 
are  always  present.  Together  with  other  bacteria  they  have  been 
found  in  carious  teeth,  in  abscesses  conimimieatiiig  with  the  month 
and  pharynx,  and  in  exudates  on  the  mucous  membranes  of  these 
parts.  In  all  probability,  however,  they  are  non-pathogenic.  In 
this  connection  it  is  intercstiug  to  note  that  in  contradistinction  to 
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the  bacteria  which  are  only  temporarily  found  in  the  mouth  the  ma- 
jority of  those  which  are  constantly  present  cannot  be  cultivated  on 
artificial  media. 

Imix)rtant  from  a  practical  standpoint  is  the  fact  that  a  number 
of  pathogenic  micro-organisms  may  at  times  be  found  under  normal 
conditions.  The  diplococcus  pneumoniae,  also  known  as  the  pneu- 
mococcus  of  Fraenkel  and  Weichselbaum,  the  diplococcus  lanceolatus, 
the  micrococcus  lanceolatus,  the  micrococcus  septicsemise  sputi,  and 
the  micrococcus  pneumoniae  cruposae  (Sternberg),  has  thus  been  found 
in  a  virulent  condition  in  from  15  to  20  per  cent,  of  healthy  indi- 
viduals, and  it  is  even  claimed  that  in  a  non-virulent  state  it  is 
eondardly  present  in  the  mouth.  Streptococci  are  likewise  frequently 
obser\'ed,  but  usually  possess  but  little  virulence  or  none  at  all, 
when  obtained  from  the  healthy  mouth  and  tested  upon  animals. 
Pyogenic  staphylococci  may  also  be  found  at  times,  but  are  less 
common  than  the  streptococci.  Most  important  is  the  occasional 
occurrence  of  the  diphtheria  bacillus  in  the  mouths  of  individuals 
who  have  not  been  exposed  to  contagion.  Welch  ^  mentions  that 
virulent  organisms  were  found  by  Park  and  Beebe  in  the  healthy 
throats  of  eight  out  of  330  persons  in  New  York,  who  gave  no  his- 
tory of  direct  contact  with  cases  of  diphtheria.  Two  of  these  eight 
persons  later  developed  the  disease.  Non-virulent  bacilli  were  found 
ID  twenty-four  individuals  of  the  same  series,  and  the  pseudo-diph- 
theria bacillus  in  twenty-seven.  Other  pathogenic  bacteria  which 
may  be  found  in  normal  mouths  are  the  micrococcus  tetragenus,  the 
bacillus  pneumoniae  of  Friedlander,  the  bacillus  crassus  sputigenus, 
and  the  bacillus  coli  communis. 

It  is  interesting  to  note  that  the  secretions  of  the  mouth  and 
throat,  as  most  secretions  of  the  body,  possess  a  certain  degree  of 
germicidal  power.  The  staphylococcus  aureus,  the  streptococcus 
pyogenes,  the  micrococcus  tetragenus,  the  typhoid  bacillus,  and  the 
cholera  spirillum,  when  present  in  moderate  numbers,  are  thus 
killed  by  the  saliva.  The  diphtheria  bacillus,  however,  is  more 
resistent,  and  may  survive  for  twenty-four  to  forty  days.  It  has 
been  found  as  a  matter  of  feet  that  the  organism  may  be  demon- 
strated in  the  throats  of  some  individuals  who  have  passed  through 
an  attack  of  diphtheria,  during  several  weeks  after  all  the  clinical 
symptoms  have  disappeared.  The  diplococcus  pneumoniae  is  even 
said  to  grow  well  in  saliva,  although  it  rapidly  loses  its  virulence. 
By  then  cultivating  it  upon  pneumonic  sputum,  however,  the  viru- 
lence of  the  organism  is  again  restored.  The  individual  bacteria 
will  be  considered  in  detail  later  on. 

'  Dennis'  System  of  Surgery  :  Surgical  Bacteriology. 
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Pathologic  Alterations. 

It  has  been  mentioned  that  about  1,500  grammes  of  saliva  are 
secreted  in  the  twenty-four  hours.  This  quantity  is,  however,  sub- 
ject to  great  variation.  An  increase  is  thus  frequently  noted  in 
pregnancy,  in  various  neurotic  conditions,  in  inflammatory  diseases 
of  the  mouth,  in  dental  caries,  following  the  administration  of  pilo- 
carpin,  in  poisoning  with  mercury,  acids,  and  alkalies.  The  quan- 
tity is  diminished  in  all  febrile  diseases,  in  diabetes,  and  often  in 
nephritis.  The  effect  of  psychic  influences  upon  the  secretion  of 
saliva  as  well  as  of  other  glands  is  well  known,  an  increase  or  decrease 
in  the  flow  being  produced  under  various  conditions. 

In  determining  whether  or  not  salivation  actually  exists  the  physi- 
cian should  not  only  be  guided  by  the  statements  of  his  patients,  but 
an  actual  estimation  of  the  amount,  secreted  within  a  definite  period  of 
time,  should  be  made.  Hysterical  individuals  not  infrequently  com- 
plain of  "salivation,"  when  a  direct  estimation  will  show  that  the 
amount  is  not  only  not  increased,  but  actually  diminished. 

Among  qualitative  changes  may  be  mentioned  an  increase  in  the 
amount  of  urea,  which  has  been  repeatedly  observed,  esi>ecially  in 
nephritis. 

Urea  may  be  demonstrated  as  follows :  The  saliva  is  extracted 
with  alcohol,  the  filtrate  evaporated,  and  the  residue  dissolved  in 
amyl  alcohol.  This  is  allowed  to  evaporate  spontaneously,  when 
crystals  of  urea  will  separate  out,  and  may  then  lye  examined  micro- 
scopically and  chemically.     (See  Urine.) 

Bile-pigment  and  sugar  have  thus  far  never  been  found  in  the  saliva. 

Of  drugs,  potassium  iodide  and  potjissium  bromide  rajndly  pass 
into  the  saliva.  Upon  this  property  the  indirect  examination  of  the 
gastric  juice  for  its  digestive  power — /.  c,  the  presence  or  absence 
of  free  hydrochloric  acid — by  means  of  the  potassium  iodide  and 
fibrin  packages  of  Giinzburg,  is  partly  based. 

In  order  to  test  for  potassium  iodide  strips  of  filter-paper  moist- 
ened with  starch  solution  are  immersed  in  the  saliva  which  has  been 
acidified  with  nitri(^  acid ;  in  the  presence  of  potassium  iodide  the 
starch-paper  turns  blue. 

The  Saliva  in  Special  Diseases  of  the  Mouth. 

Catarrhal  Stomatitis. — In  this  affection  the  quantity  of  saliva  is 
increased.  Microscopicidly  an  increased  numlx^r  of  epithelial  cells 
and  many  leucocytes  are  note<l,  their  number  depending  upon  the 
intensity  of  the  morbid  process. 

Ulcerative  Stomatitis. — In  this  condition,  following  mercurial 
poisoning  or  scurvy,  the  same  apiKjanmce  is  noted  microscopically  as 
in  simple  stomatitis.     In  addition  there  may  be  necrotic  tissue,  red 
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hlood-Gorpuscles,  and  iDDiimcrable  leucocytes.  The  reaction  of  the 
saliva  is  inteneelv  alkaline,  the  color  markedly  brown,  and  its  odor 
fetid. 

OoDOrrhceal  Stomatitis. — The  number  of  cases  of  gonorrhocal 
stomatitis  that  have  thus  far  been  recorded  is  small.  The  disease, 
however,  has  as  yet  received  but  little  attention,  and  is  probably 
more  common  than  is  generally  snpi>osed.  In  the  adult  it  may  be 
contracted  through  coitus  contra  iidiuram,  while  in  the  newborn  the 
infection  is  undoubtedly  brought  about  in  the  same  manner  as  the 
corresponding  disease  of  the_  conjunctiva.  In  suspected  cases  the 
exudate  which  forms  npon  the  gums,  the  tongue,  and  tlie  palate 
should  be  examined  for  the  presence  of  gonococci.  In  adults  the 
organism  has  thus  far  not  always  been  found  ;  in  the  newborn,  how- 
ever, Rosinski  has  succeeded  in  demonstrating  its  presence  in  all 
cases  examined. 

Tbmsh. — Ordium  albicans  (Fig.  28)  is  most  commonly  seen  in 
children,  but  may  also  occur  in  adults,  and  especially  in  phthisical 
individuals,  sometimes  lining  the  whole  mouth.  If  in  such  cases  a 
bit  of  the  membrane  is  pulled  off  and  examined  microscopically,  it 
will  be  found  to  consist  of  epithelial  cells,  leucocytes,  and  granular 
detritus,  with  a  network  of  branching,  baud-like  formations,  which 


present  distinct  segments.  Tlie  contents  of  the  segments  are  clear, 
and  usually  contain  two  highly  refractive  granules — the  spores,  one 
of  which  is  situated  at  each  pole.  These  segments  diminish  in  size 
toward  the  end  of  each  band,  their  contents  at  the  same  time  becom- 
ing slightly  granular. 

TABTAB. 

In  a  bit  of  tartar  scraped  from  the  teeth  actively  moving  spiro- 
chsetse  are  seen,  ae  well  as  long,  usually  segmented  bacilli,  frequently 
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forming  bands  which  are  colored  a  bhiish-red  by  a  solution  of  iodo- 
potassic  iodide.  Leptothrix  buccalis,  shorter  bacilli,  which  are  not 
colored  by  the  above  reagent,  micrococci,  and  a  large  number  of 
leucocytes  and  epithelial  cells  which  have  undergone  fatty  degenera- 
tion are  also  found. 


COATING   OF   THE   TONGUE. 

A  brown  coating  of  the  tongue  is  often  observed  in  severe  infec- 
tious diseases,  and  consists  of  remnants  of  food  and  incrustated  blood. 
Microscopically,  in  addition  to  a  large  number  of  epithelial  cells, 
enormous  numbers  of  micro-organisms  and  a  large  number  of  dark, 
cell-like  structures,  probably  derived  from  desquamated  epithelial 
cells,  are  found.  The  white  coating  of  the  tongue  contains  epithelial 
cells  in  large  numbers,  many  micro-organisms,  and  a  few  salivary 
corpuscles. 


TUBERCULOSIS   OF   THE  MOUTH. 

In  cases  of  lupus  and  the  so-called  benign  form  of  tuberculosis 
of  the  mouth  it  is  rarely  possible  to  demonstrate  the  presence  of 
tubercle  bacilli,  even  in  scrapings  taken  from  the  base  of  the  ulcers, 
or  in  the  diseased  tissue  itself,  while  in  cases  of  ulcerative  disease 
associated  with  phthisis  in  its  advanced  stages  they  may  be  fre- 
quently found  in  large  numbers.  In  some  cases,  however,  their 
demonstration  is  by  no  means  easy.  In  the  saliva  they  are  only 
exceptionally  seen. 


ACTINOMYCOSIS. 

In  cases  of  actinomycosis  it  is  occasionally  possible  to  demon- 
strate the  presence  of  the  specific  organism  in  or  about  carious  teeth. 
More  commonly,  however,  the  patients  are  not  seen  until  the  primary 
symptoms  of  the  disease  have  disappeared,  when  the  typical  kernels 
can  no  longer  be  found  at  the  oriffinal  points  of  entry  or  have 
become  unrecognizable  owing  to  calcification  and  retrogressive 
changes. 

Usually  the  disease  has  already  progressed  to  the  formation  of  a 
distinct  tumor  or  abscess,  and  it  may  be  then  necessary  to  make  an 
exploratory  incision  and  to  examine  the  scrapings  which  are  brought 
away.  The  number  of  kernels  which  may  be  found  is  at  times  very 
small,  but  a  careful  examination  will  probably  always  lead  to  their 
detection,  if  the  disease  in  question  is  actinomycosis. 
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COATING  OF  THE  TONSILS. 

Pharyngomycosis  Leptothrica. 

In  the  props  from  the  crypts  of  the  tonsils  in  cases  of  fol- 
licular tonsillitis,  as  also  in  persons  who  have  had  frequent  attacks 
of  tonsillitis,  according  to  Chiari,  epithelial  cells  and  long,  segmented 
fungi — the  leptothrix  buccalis  (Plate  IX.,  Fig.  2) — which  are  col- 
ored bluish-red  with  a  solution  of  iodo-potassic  ioilide,  are  seen.  At 
times  patches  composed  of  these  fungi  extend  over  a  considerable 
area  of  the  tonsils,  so  that  it  may  be  doubtful  whether  or  not  the 
disease  is  a  beginning  diphtheria.  A  microscopic  examination  will 
in  such  cases  settle  all  doubts. 

Tonsillitis. 

In  tonsillitis  a  large  number  of  bacteria  have  been  isolated  from 
the  pseudo-membranous  deposits.  Among  the  more  important 
which  are  supposed  to  bear  a  causative  relation  to  the  disease,  may 
be  mentioned  the  various  streptococci,  staphylococci,  less  commonly 
the  pneumococcus,  the  diplococcus  of  Brison,  the  bacillus  coli  com- 
munis, the  bacillus  of  Friedliinder,  and  in  a  few  isolated  instances  the 
micrococcus  tetragenus. 

Diphtheria. 

Recognizing  the  great  importance  of  an  early  diagnosis  in  such  a 
dreaded  disease  as  diphtheria,  an  examination  for  Loffler^s  bacillus 
has  become  just  as  important  to-day  as  that  for  the  bacillus  of  tuber- 
culosis, and  every  physician  should  make  himself  familiar  with  the 
methods  employed  for  its  recognition. 

By  means  of  a  sterilized,  stout  platinum  loop,  a  pair  of  forceps,  or 
a  cotton  swab,  a  piece  of  membrane  is  scraped  from  the  tonsils,  the 
soft  palate,  or  the  pharynx  and  at  once  transferred  to  a  sterilized 
test-tube,  closed  with  a  pledget  of  cotton.  A  j)article  of  the  mem- 
brane is  then  spread  in  as  thin  and  uniform  a  layer  as  possible,  upon 
a  cover-glass,  by  means  of  the  platinum  loop  or  forceps,  which  have 
been  previously  passed  through  the  flame  of  a  Bunsen  burner.  When 
dry  the  specimen  is  fixed  by  being  passed  through  the  flame  of  a 
Bunsen  burner  three  or  four  times,  when  it  is  ready  for  staining. 
For  this  purpose  Lofiler's  alkaline  solution  of  methylene  blue,  which 
consists  of  30  c.c.  of  a  concentrated  alcoholic  solution  of  methylene 
blue  in  100  c.c.  of  an  aqueous  solution  of  potassium  hydrate  (1  :  10,- 
000),  may  be  advantageously  employed,  the  specimen  being  stained 
for  from  five  to  ten  minutes.  It  is  then  rinsed  in  water,  placed  on 
a  slide,  the  excess  of  water  removed  with  filter-pajwr,  and  examined 
with  a  one-twelfth  oil-immersion  lens. 
9 
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A  dahlia-methyl-green  solution  may  likewise  be  employed.  This 
consists  of  10  grammes  of  a  1-per-cent.  aqueous  solution  of  dahlia- 
violet  and  30  granmies  of  a  l-per-cent.  aqueous  solution  of  methyl- 
green.     The  specimen  is  stained  for  from  one  to  two  minutes. 

If  it  is  desired  to  employ  Gram's  method,  the  specimen  is  most 
conveniently  stained  for  three  minutes  with  a  freshly  prepared  con- 
centrated alcoholic  solution  of  gentian-anilin  water.  This  is  pre- 
pared by  adding  anilin  oil  to  10  c.c.  of  distilled  water,  drop  by 
drop,  thoroughly  shaking  after  the  addition  of  each  drop,  until  the 
solution  becomes  opaque.  It  is  then  filtered  and  treated  with  10  c.c. 
of  absolute  alcohol  and  11  c.c.  of  a  concentrated  alcoholic  solution 
of  gentian-violet.  The  specimen  is  decolorized  in  a  solution  com- 
posed of  1  gramme  of  iodine  and  2  grammes  of  potassium  iodide, 
dissolved  in  300  c.c.  of  water.  After  remaining  in  this  solution  for 
five  minutes  the  specimen  is  rinsed  in  alcohol  and  the  process  re- 
peated until  the  violet  color  disappears.  It  is  then  transferred  to 
absolute  alcohol,  oil  of  cloves,  and  mounted  in  balsam. 

Cultures  should  also  be  made,  preferably  upon  a  mixture  of  blood- 
serum  and  bouillon,  as  recommended  by  Loffler.  This  is  composed 
of  three  parts  of  blood-serum  and  one  part  of  bouillon,  containing 
10  per  cent,  of  peptone,  3  per  cent,  of  grape-sugar,  and  0.5  per  cent, 
of  sodium  chloride,  the  mixture  being  solidified  in  the  usual  manner. 
Upon  this  medium  Loffler's  bacillus  grows  so  much  more  rapidly 
than  other  organisms  which  are  usually  present  in  the  secretions  of 
the  mouth  and  throat,  that  at  the  end  of  twenty-four  hours  they 
often  form  the  only  colonies  tliat  attract  attention.  Should  other 
colonies  of  similar  size  be  present  these  are  generally  quite  different 
in  appearance.  In  this  manner  a  diagnosis  can  be  made  upon  the 
day  following  the  inoculation  of  the  tube. 

In  the  absence  of  blood-serum  bouillon,  alkaline  bouillon,  nutrient 
gelatin,  nutrient  agar,  glycerin-agar,  and  potato  may  be  employed. 
Coagulated  egg-albumin,  as  pointed  out  by  Booker,  and  milk  arc 
also  good  soils. 

The  colonies  are  large,  round,  elevated,  and  grayish-white  in 
color,  with  a  centre  that  is  more  opaque  than  the  slightly  irregular 
j)eriphery.  The  surface  of  the  colony  is  at  first  moist,  but  after  a 
day  or  two  assumes  a  dry  appearance. 

The  bacillus  (Fig.  29)  is  non-motile  and  varies  in  size  and  shape, 
its  average  length  being  from  2.5  fi  to  3  /i,  its  breadth  from  0.5  /i 
to  0.8  //.  Its  morphologic  characteristics  are  so  peculiar  as  to  render 
its  identification  upon  cover-slip  preparations  and  in  sections  of  the 
diphtheritic  membrane  an  easy  matter,  in  most  cases. 

Sometimes  the  organism  ap|xiars  as  a  straight  or  slightly  curved 
rod  ;  but  es|)ecially  characteristic  are  irregular  and  often  bizarre 
forms,  such  as  rods  with  one  or  lx)tli  ends   terminating  in  a  little 
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knob,  and  rods  broken  at  intervals,  in  which  short,   well-defined 
roand,  oval,  or  straight  segments  can  be  made  out. 

Some  forms  stain  uniformly,  others  in  an  irregular  manner ;  the 
most  common  present  the  appearance  of  deeply  stained  granules  in 
faintly  stained  bacilli. 

Fio.  29. 
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Bacillus  of  diphtheria.    (Abbott.) 

a.  Its  morphology  when  cultivated  on  glycerin  agar-agar.    b.  Its  morphology  an  seen  in  cultures 

on  LoflBer's  blood-serum. 

Streptococci  are  also  seen,  as  a  rule,  and  it  may  be  said  that  the 
gravity  of  a  case  is  directly  proportionate  to  the  number  of  strepto- 
cocci present. 

It  is  important  to  note  that  diphtheria  bacilli  may  still  be  found 
in  the  throat  for  weeks  after  all  clinical  symptoms  have  disappeared. 
Patients  should  hence  be  isolated  until  a  bacteriologic  examination 
has  demonstrated  the  absence  of  the  organism. 


CHAPTER  III. 
THE  GASTRIC  JUICE   AND   GASTRIC  CONTENTS. 

THE  SECRETION  OF   GASTRIC  JXnCE. 

The  gastric  juice  is  the  result  of  the  glandular  activity  of  the 
stomachy  and  the  only  secretion  of  the  digestive  tract  which  presents 
an  acid  reaction. 

As  is  well  known,  the  mucous  membrane  of  the  stomach  is  covered 
throughout  its  entire  extent  by  a  single  layer  of  cylindrical  epithe- 
lium, which  dips  down  in  places  to  line  the  orifices  and  larger  ducts 
of  the  numerous  tubular  glands  with  which  it  is  beset.  Of  these 
two  kinds  have  been  described,  viz,  the  fundus  and  pyloric  glands, 
so  named  from  the  location  in  which  they  are  principally  found.  In 
the  secretory  portion  of  a  fundus  gland  two  different  sets  of  cells 
can  be  distinguished,  one  being  small,  granular,  and  polyhedral  or 
columnar,  bordering  upon  the  narrow  lumen  of  the  tube,  termed 
chief  or  principal  cells  by  Heidenhain  ;  they  are  also  known  as  cen- 
tral or  adelomorphous  cells.  These  stain  with  anilin  dyes  to  only 
a  slight  extent.  The  others,  known  as  parietal,  adelomorphous,  or 
oxyntic  cells  are  variously  situated  between  the  adelomorphous 
cells  and  the  membrana  propria,  being  most  numerous  in  the 
necks  of  the  glands.  They  are  larger  than  the  chief  cells,  oval 
or  angular  and  finally  granular  in  structure ;  they  possess  a  strong 
affinity  for  the  anilin  dyes.  The  pyloric  glands,  which  are  found 
only  in  the  region  of  the  pylorus,  on  the  other  hand,  are  character- 
ized by  the  greater  length  of  their  ducts,  which  are  also  lined  by 
the  cylindrical  epithelium  of  the  mucous  membrane  proper.  The 
secretoRy  portion  of  these  glands  is  represented  by  a  single  layer  of 
short  and  finely  granular,  columnar  cells,  which  closely  resemble  the 
chief  cells  of  the  fundus  glands.  In  addition  to  these  a  few  isolated 
cells,  the  cells  of  Nussbaum,  are  found,  which  in  structure  and  in 
their  behavior  to  anilin  dyes  resemble  the  parietal  cells. 

Upon  chemical  examination  the  gastric  juic<?i  is  found  to  consist 
essentially  of  water,  free  hydrochloric  acid,  pepsin,  rennet  (a  milk- 
curdling  ferment),  mucus,  and  certain  mineral  salts. 

Of  these  constituents  the  hydrochloric  acid  is  secreted  by  the  parie- 
tal cells,  pepsin  and  the  milk-curdling  ferment  by  the  chief  cells  of 
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the  fundus  and  the  pyloric  glands^  while  the  mucus  is  the  product  of 
the  cylindrical  goblet-cells  lining  the  stomach  and  the  wider  jwrtions 
of  its  glandular  ducts. 

It  must  be  borne  in  mind,  however,  that  the  ferments  mentioned 
do  not  exist  in  the  cells  as  such,  but  as  zymogens,  which  are  trans- 
formed into  the  ferments  through  the  activity  of  the  free  hydro- 
chloric acid.  According  to  modern  investigations,  moreover,  the  zy- 
mogens only  are  secreted  by  the  cells. 

Until  recently  it  was  supposed  that  the  gastric  juice  is  only  secreted 
upon  appropriate  stimulation  of  the  nervous  mechanism  of  the  stom- 
ach, either  directly  or  indirectly  and  that  the  stomach  in  its  quiescent 
state — /.  e.,  when  not  digesting — is  empty.  The  researches  of 
Schreiber  and  Martins,  however,  have  rendered  the  correctness  of 
this  view  very  doubtful,  as  they  were  able  to  obtain  quantities  of  gas- 
tric juice,  varying  from  1  to  60  c.c,  from  the  non-digesting  stom- 
ach of  every  normal  person  examined  ;  and  I  have  likewise  never 
failed  to  obtain  a  few  c.c.  under  the  same  conditions. 

TEST-MEALS. 

Although  the  secretion  of  gastric  juice  takes  place  continuously, 
the  amount  that  can  usually  be  obtained  from  the  non-digesting 
organ  is  not  sufficient  for  analytical  purposes.  It  is,  therefore,  nec- 
essary to  stimulate  the  glandular  apparatus  of  the  stomach  to  in- 
creaseil  activity.  This  may  be  accomplished  with  thermic,  chemio, 
electric,  and  digestive  stimuli,  among  which  the  last  named  are  the 
most  convenient  and  the  most  effective,  furnishing  an  idea  not  only 
of  the  secretory,  but  also  of  the  motor  and  resorptive  activity  of  the 
organ.  The  analytical  results  will,  however,  depend  to  a  large  ex- 
tent upon  the  character  of  the  food  ingested,  starches  and  fats  exert- 
ing but  a  slight  stimulating  effect,  while  proteids  cause  a  copious  se- 
cretion of  gastric  juice.  The  ingestion  of  fluids  at  the  same  time 
will  likewise  influence  the  results  obtained,  owing  to  the  dilution  of 
the  gastric  juice.  The  time  of  the  height  of  digestion,  moreover, 
varies  with  the  kind  and  quantity  of  food  taken.  In  order  to  obtain 
uniform  results  it  is,  therefore,  necessary  to  withdraw  the  gastric 
contents  at  a  certain  period  after  the  ingestion  of  a  meal  of  known 
composition  and  bulk. 

Numerous  test-meals  have  been  pro|X)sed.  The  following  are  the 
most  important : 

The  Test-breakfast  of  Ewald  and  Boas. 

This  consists  of  from  35  to  70  grammes  of  wheat-bread  and  of 
300  to  400  c.c.  of  water  or  weak  tea,  without  sugar.  It  is  best  to 
give  this  meal  to  the  patient  early  in  the  morning  when  the  stomach 
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is  empty — /.  e.,  as  a  breakfast.     The  gastric  contents  are  obtained 
one  hour  later. 

The  Test-dinner  of  Riegel. 

This  consists  of  a  plate  of  soup  (400  cc),  a  beefsteak  (200 
grammes),  a  slice  or  two  of  wheat-bread  (50  grammes),  and  a  glass- 
ful of  water  (200  c.c).  The  contents  of  the  stomach  are  obtained 
after  four  hours.  The  disadvantage  of  this  method  lies  in  the  fact 
that  the  lumen  of  the  stomach-tube  is  frequently  occluded  by  large 
pieces  of  undigested  meat,  a  source  of  annoyance  which  may  be 
guarded  against,  however,  by  making  use  of  finely  chopped  meat. 

The  Doable  Test-meal  of  Salzer. 

For  breakfast  the  patient  receives  30  grammes  of  lean,  cold  roast' 
hashed  or  cut  into  strips  sufficiently  small  as  not  to  obstruct  the 
stomach-tube,  250  c.c.  of  milk,  60  grammes  of  rice,  and  one  soft- 
boiled  egg.  Exactly  four  hours  later  the  second  meal  is  taken,  con- 
sisting of  35  to  70  grammes  of  stale  wheat-bread  and  300  to  400 
c.c.  of  water.  The  gastric  contents  are  withdrawn  one  hour  later. 
In  this  manner  the  gastric  juice  is  not  only  obtained  at  the  height  of 
digestion,  but  an  idea  may  at  the  same  time  be  formed  of  the  motor 
power  of  the  stomach.  Under  normal  conditions  the  organ  should 
contain  no  remnants  of  the  first  meal  at  the  time  of  examination. 

(  I  The  Test-breakfiEkst  of  Boas. 

This  consists  of  a  plateful  of  oatmeal-soup,  prepared  by  boiling 
down  to  500  c.c.  one  litre  of  water  to  which  one  tablespoonful  of 
rolled  oats  has  been  added.  A  little  salt  may  be  used  if  desire<l, 
but  nothing  more.  The  contents  of  the  stomach  are  obtained  one 
hour  later.  This  test-meal  was  devised  by  Boas  in  order  to  guard 
against  the  introduction  from  without  of  lactic  acid,  w^hich  is  present 
in  all  kinds  of  bread.  The  meal  is  employed  in  doubtful  cases  of 
cancer  of  the  stomach  in  which  a  quantitative  estimation  of  lactic 
acid  is  to  be  made,  the  stomach  being  washed  out  completely  the 
night  before. 

Still  other  test-meals  have  been  suggested,  but  they  do  not  ix)s- 
sess  any  material  advantage  over  those  described. 


THE   ST0BIACH-TT7BE. 

The  stomach-tubes  which  are  now  generally  in  use  are  essentially 
large  N^laton  catheters.  They  should  measure  at  least  from  72  to 
75  cm.  in  length,  and  be  provided  with  three  fenestra,  of  which 
one  is  placed  at  the  end  of  the  tube  and  two  laterally,  as  near  the 
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end  as  possible.  Por  the  purpose  of  washing  out  the  stomach  the 
tube  is  coanected  with  a  glass  funnel  by  means  of  ordinary  rubber 
tubing,  which  can  be  detaclied  from  the  stomach -tube  proper. 
There  is  no  advantage  in  rubber  funnels  or  in  having  a  continuous 
tube. 

It  ie  important  that  the  tubes  slionid  l>e  thorouglily  cleansed  in 
hot  water  as  soon  after  uae  as  jKissible.  The  advice  of  Boas,  more- 
over, to  have  special,  marked  tubes  for  tubercular,  syphilitic,  and 
carcinomatous  patients  should  be  borne  in  mind.  Patients  in  whom 
lavage  is  to  be  practised  for  any  length  of  time  shouhl  provide  their 
own  instruments. 

OontraindicationB  to  the  Use  of  the  Tube. 
Of  direct  c»atraindications  to  the  use  (if  the  tube  there  should  be 
mentioned  the  existence  of  the  various  forms  of  valvular  disease 
when  in  a  state  of  imperfect  compensation,  angina  pectoris,  arterio- 
sclerosis of  high  degree,  aneurism  of  the  largo  arteries,  recent  hem- 
orrhages from  whatever  cause,  marked  emphysema  with  intense 
bronchitis,  acute  febrile  diseikses,  etc. 

FHi.  30, 

The  Introdaction  of  the  Tube. 

The  technique  of  the  introduction  of  the  tubtt 
should  be  as  simple  as  possible  ;  the  exhibition 
of  complicated  bottle  arrangements  for  the  pur- 
pose of  obtaining  the  gastric  juice  only  adds  to 
the  excitement  of  a  nervous  patient,  and  should 
be  avoided.  The  patient's  clothing  and  floor 
of  the  room  should  lie  protected  from  being 
soiled  by  material  that  may  be  voniite<l  along 
the  sides  of  the  tube,  the  dribbling  of  :^Iiva, 
etc.  For  this  purpose  Turck's  rubber  bib  with 
pouch  may  he  a<lvantageously  employetl.  "  It 
is  so  arranged  as  to  form  a  pouch  in  front,  to 
(»tch  the  saliva  or  stomach  contents  that  may 
be  thrown  off  from  the  mouth  or  stoniacli.  A 
detachable  tube  passes  from  the  bottom  of  the 
pouch  and  is  oonducte<l  into  a  basin  or  any 
vessel." ' 

Cocainization  of  the  pharynx  is  not  nwressiiry, 
but  may  Ix;  resorted  to  in  hypernsthetic  in- 
dividuals, a  10-per-cent.  solution  being  em- 
ployed. 

The  tube,  held  like  a  pen,  is  introduced  to 
'Manufactured  by  G.  Tiemnnti  &  <\ 
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the  posterior  wall  of  the  pharynx,  the  patient  bending  his  head  for- 
ward,  and  not  backward^  as  is  usually  advised.  The  patient  is  then 
told  to  swallow,  but  this  is  not  necessary.  The  tube  is  pushed  on 
until  a  resistance  is  felt,  when  it  meets  with  the  floor  of  the  stomach. 
The  entire  process  does  not  occupy  ten  seconds.  At  the  least  sign  of 
cyanosis,  or  of  marked  pallor,  the  tube  should  be  withdrawn  at  once 
and  the  patient  observed  for  a  day  or  two  before  a  second  attempt  is 
made. 

If  the  gastric  juice  does  not  flow  at  once,  the  patient  is  instructed 
to  bear  down  with  his  abdominal  muscles,  and,  if  this  is  insufficient, 
to  cough  a  little.  Repeated  attempts  of  this  kind  will  usually  bring 
about  the  desired  result,  unless  the  tube  has  not  been  introduced  far 
enough  or  too  far ;  in  the  latter  case  it  will  double  upon  itself,  so 
that  its  end  stands  above  the  level  of  the  liquid.  Pressing  ujwn  the 
abdomen  with  the  hands  is  of  no  object.     (Method  of  Expression.) 

Aspiration  must  at  times  be  employed.  For  this  purpose  Boas' 
bulbed  tube  (Fig.  30)  is  quite  convenient.  The  manner  in  which 
it  is  used  is  the  following  :  The  proximal  end  of  the  tube,  after  hav- 
ing been  introduced  into  the  stomach,  is  compressed  and  the  bulb 
squeezed,  when  the  distal  end  is  clamped  and  the  bulb  allowed  to 
expand.  When  this  is  repeated  several  times  a  partial  vacuum  is 
produced  in  the  tube,  which  usually  causes  a  flow  of  gastric  juice. 
In  the  absence  of  such  an  instrument  the  stomach-tube  may  be  con- 
nected with  a  bottle,  in  which  a  partial  vacuum  has  been  established 
by  aspiration  (Fig.  31).  Unless  the  patient  is  accustomed  to  the 
introduction  of  the  tube  these  more  complicated  procedures  should 
be  avoided,  however,  as  much  as  possible.     (Method  of  Aspiration.) 

I  have  found  that  in  eases  in  which  gastric  juice  cannot  be  ob- 
tained by  expression  the  flow  may  often  be  started  by  suction  with 
the  mouth,  and  I  regard  this  method  as  preferable  to  the  one  just 
described.  With  due  precautions,  viz,  holding  the  tube  between  the 
fingers  near  the  mouth  of  the  patient,  so  as  to  be  informed  at  once, 
by  the  sense  of  touch,  when  the  stomach  contents  have  reached  this 
point,  unpleasant  results  will  be  obviated.  If  only  a  very  small 
amount  of  gastric  juice  is  present  in  the  stomach — /.  c,  when  a  defi- 
nite flow  cannot  be  established — it  is  best  to  suck  lightly  with  the 
mouth,  to  compress  the  tube  firmly,  to  remove  it  as  rapidly  as  pos- 
sible, and  empty  it  into  a  little  disli.  A  few  drops  sufficient  to  test 
for  free  hydrochloric  acid  can  thus  always  be  obtained,  even  from  the 
non-digesting  organ. 

Einhoni^H  bucket- method  is  of  little  value,  as  the  amount  of  gastric 
juice  whic^h  can  thus  be  obtained  is  entirely  insufficient  for  analytical 
j)urposes.  It  may  be  employed,  however,  in  patients  who  are  par- 
ticularly nervous  and  object  to  the  use  of  the  tube,  and  possibly,  also, 
when  its  use  is  contraindicated.     The  test  for  hydrochloric  acid  can 
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1>e  nrnde,  but  the  amount  of  ioformation  which  is  thereby  obtained  is 
in  itself  of  comparatively  little  importance. 

In  order  to  wa»h  otU  t/ie  stomach  the  funnel-tube  is  attached,  the 
funnel  filled  with  lukewarm  water  or  any  desired  medicated  solution, 
elevated  to  a  height  somewhat  above  the  head  of  the  patient,  and  the 
water  allowed  to  flow.  From  500  to  1,000  c.c.  may  be  introduced 
at  one  time.  By  suddenly  depressing  and  inverting  the  funnel  over 
a  suitable  vessel,  before  all  water  lias  left  the  funnel,  a  siphon  ar- 
rangement is  established  and  tlie  stomach  emptied.  It  is  well  to 
measure  the  returning  water  as  well  as  the  amount  introduced. 
Should  the  flow  diminish  or  cease  before  all  the  water  has  been  re- 
moved, the  end  of  the  tube  probably  stands  above  the  level  of  the 
liquid,  and  the  flow  can  be  started  again  by  pushing  the  tube  on 
further  or  by  withdrawing  it  a  little,  as  the  case  may  be. 


Washing  out  the  stomach  soon  after  the  ingestion  of  a  full  meal  is 
always  very  tedious  and  annoying  if  not  an  impossible  procedure,  as 
the  fenestra  readily  become  obstructed.  Should  this  occur,  the 
funnel,  filled  with  water,  is  elevated  as  high  as  possible,  with  a  view 
of  overcoming  the  obstruction  by  hydn»static  pressure,  ur,  if  this 
proves  insufficient,  the  funnel-tube  is  detached  and  the  obstruction 
dislodged  by  means  of  air,  for  which  purpose  a  Politzer-bag  or  the 
bull)  of  a  Boas'  tube  is  very  coiiveuieiit. 


OENZRAL  OHAEACTZRISTICS  OF  THE  GASTRIC  JUICE. 

Pure  gastric  juice  is  an  almost  clear,  faintly  yellowish  fluid,  of  a 
sour  taste  and  a  peculiar  characteristic  odor.  Its  siiecific  gravity 
varies  between  1,002  and  l.OOS,  corresponding  to  the  presence  of 
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but  0. 5  per  cent,  of  solids.     Its  reaction,  owing  to  the  presence  of 
hydrochloric  acid,  is  acid. 

Amount. 

Very  little  is  known  of  the  total  quantity  of  gastric  juice  that  is 
secreted  in  the  twenty-four  hours.  The  figure  given  by  Beaumont,, 
viz,  180  grammes  pro  die,  based  upon  observations  made  upon  the 
often  quoted  Canadian  hunter,  Alexis  St.  Martin,  is  undoubtedly  too 
low.  The  amount  given  by  Bidder  and  Schmidt,  viz,  that  corre- 
sponding to  about  one-tenth  of  the  body-weight,  is  probably  more 
nearly  correct.^  It  may  be  stated  a.  priori,  however,  that  the  quantity 
secreted  varies  within  wide  limits,  being  influenced  by  numerous- 
factors  and  notably  by  the  degree  of  the  appetite  and  the  amount 
and  character  of  the  food  taken,  especially  that  of  the  proteids. 
The  age  and  sex  of  the  individual,  the  time  of  day,  notably  in  its 
relation  to  the  ingestion  of  food,  the  emotions,  etc.,  all  influence  the 
glandular  activity  of  the  stomach. 

From  the  non-digesting  organ,  as  has  been  pointed  out,  from  1  to- 
60  c.c.  of  gastric  juice  may  be  obtained  at  one  time.  The  amount 
which  can  be  procured  during  the  process  of  digestion,  on  the  other 
hand,  varies  with  the  amount  of  liquid  ingested,  the  time  of  expres- 
sion, the  size  and  motor  power  of  the  stomach,  and  the  degree  of 
transudation ;  the  process  of  resorption  probably  does  not  play  any 
part,  as  it  has  been  ascertained  that  very  little  water,  if  any,  is  ab- 
sorbed in  the  stomach. 

According  to  Boas,  from  20  to  50  c.c.  of  filtrate  can  normally  be 
obtained  exactly  one  hour  after  the  ingestion  of  Ewald's  test-break- 
fast. 

Abnormally  large  quantities  of  gastric  juice  are  practically  only 
found  in  cases  of  so-called  hypersecretion y  the  '*  Magensaftfluss ''  of 
the  Germans,  which  may  occur  periodically  or  continuously.  For- 
merly the  presence  of  appreciable  quantities  of  gastric^  juice  in  the 
non-digesting  organ  was  regarded  as  conclusive  evidence  of  the 
existence  of  this  disease,  but  in  the  light  of  Schreiber's  researches 
this  position  can  no  longer  be  maintained.  The  diagnosis  should, 
hence,  only  be  made  when  in  conjunction  with  the  clinical  symp- 
toms of  hypersecretion  from  100  to  1,000  c.c.  of  pure  c/astric  juice 
can  l)e  obtained  from  the  non-digesting  orgiui.  To  this  end  the 
stomach  should  be  emptied  completely  by  the  tube,  before  retiring, 
and  an  examination  made  on  the  following  morning,  no  food  or 
liquids  being  allowed  in  the  meantime. 

In  various  pathologic  cH>nditions  abnormally  large  quantities  of 
liquid  may  be  obtained,  which  cannot  be  regarded  as  gastric  juice, 

'  Griinewald's  figure — i.  e.,  1,580  fi^rammos — I  likewise  regard  as  too  low.  Accord- 
ing to  my  experience  the  daily  secretion  appears  to  vary  between  2,000  and  3,000  c.c. 
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however.     Attention  will  be  drawn  to  these  conditions  at  another 
place. 

CHEMICAL    EXAIDNATION    OF    THE    GASTRIC   JUICE. 

Chemical  Composition  of  the  Gastric  Juice. 

As  has  been  briefly  shown  above  the  gastric  juice  consists  of  water, 
free  hydrochloric  acid,  certain  ferments,  their  zymogens,  and  mineral 
salts.  Analyses  giving  the  exact  chemical  composition  of  pure,  un- 
eontaminated  gastric  juice  in  man  are  still  wanting,  owing  to  the 
diflSculty  of  excluding  the  saliva.  In  patients,  the  subjects  of  gastric 
fistula,  analytical  studies  have,  however,  been  made,  and  from  the 
table  below,  taken  from  Schmidt,  an  idea  may  be  formed  of  the 
various  amounts  of  solid  constituents,  contained  in  1,000  parts  of 
gastric  juice,  uncontaminated  by  food  or  the  products  of  digestion, 
but  not  free  from  saliva  : 

Water 994.40 

Solids       . .  5.60 

Orgftoic  material 3.19 

Sodium  chloride 1.46 

Calcium  chloride 0.06 

Potassium  chloride 0.55 

Ammonium  chloride        

Hydrochloric  acid 0.20 

Calcium  phosphate         \ 

Magnesium  phosphate    \ 0.12 

Iron  phosphate  j 

The  Acidity  of  the  Gastric  Juice  is  Referable  to  the 
Presence  of  Free  Hydrochloric  Acid. 

It  has  been  conclusively  demonstrated  by  Schmidt  that  the  acidity 
of  the  gastric  juice  is  due  to  the  presence  of  free  hydrochloric  acid. 
After  accurately  determining  the  amount  of  chlorine  and  all  basic 
substances  present,  it  was  found  that  after  the  latter  had  been  satu- 
rated a  quantity  of  hydrochloric  acid  still  remained,  which  in  the 
dog  varied  between  0.25  and  0.42  per  cent.,  with  an  average  of  0.33 
per  cent.  The  amount  of  free  acid  was  also  determined  by  titration 
and  the  same  results  reached  as  by  gravimetric  analysis. 

While  the  acidity  of  pure  gastric  juice — i,  e.,  gastric  juice  not  con- 
taminated with  saliva  or  food  in  its  various  stages  of  digestion — is 
thus  solely  due  to  the  presence  of  free  hydrochloric  acid,  other 
factors  enter  into  consideration  in  the  examination  of  the  gastric 
contents  during  the  process  of  digestion.  Acid  salts  and  varying 
amounts  of  lactic  acid  derived  from  the  carbohydrates  ingested  are 
then  also  found.  At  the  beginning  of  digestion  the  acidity,  accord- 
ing to  Ewald,  is  due  to  a  certain  extent  to   the  presence  of  lactic 
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acid.'  Hydrochloric  acid,  it  is  true,  is  present  at  the  same  time, 
but  is  held  in  combination  by  albuminous  material.  I^ater  nn, 
when  the  albuminous  affinities  have  become  saturated,  it  appears  as 
such,  with  the  result  tliat  the  formation  of  lactic  acid  progressively 
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diminishes,  owing  to  the  inhibitory  action  on  the  part  of  the  hydro- 
chloric acid  upon  the  lactic-ai;id-produciiig  organisms.  The  varying 
degrees  of  acidity  after  such  test-meals  as  those  of  Ewald  and 
Riegel,  at  different  perio<ls  of  digestion,  and  the  amouut  of  the  two 
acids  preseut,  mav  be  seen  from  the  acconipanving  diagrams  (FigK- 
32  and  311). 

Under  pathologic  conditions  the  amount  of  free  hydrochloric  acid, 
as  will  be  shown,  may  undergo  grcJit  variations,  diminishing  on  the 
one  hand  to  zero,  and  increasing  on  the  other  to  0.5  per  cent.,  or 
even  more.  At  the  same  time  the  amount  of  lactic  acid,  which 
normally  is  present  in  ver\'  small  amounts,  and  is  absent  altogether 
at  the  height  of  digestion,  may  greatly  increase.  Fatty  acids,  more- 
over, which  arc  normally  not  present  in  the  gastric  juice,  may  then 
also  l>e  observed.  It  is  thus  scon  that  the  total  acidity  of  the  gas- 
>  See  Lactic  Acid,  p.  ir>8. 
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trie  jaice,  especially  in  disease,  cannot  be  regarded  as  indicating  the 
amount  of  one  single  acid,  unless  the  absence  of  other  acids  and 
acid  salts  is  insured. 


Method  of  Determiiiiiig  the  Total  Acidity  of  the  Gastric 
Contents. 

To  this  end  a  known  quantitj'  of  gastric  jnice  is  titrate<l  with  a 
one-tenth  uorraal  solution  of  sodium  hydrate,  using  phenolphthalein 
as  an  indicator,  when  the  number  of  c.c.  of  the  one-tenth  normal 
solution  employed,  multiplied  by  the  equivalent  of  1  c.c.  of  this 
solution  in  terms  of  hydrochloric  actd,  will  indicate  the  amount 
of  acid  present,  from  which  the  percentage-acidity  is  readily  cal- 
culated. 

A  normal  solution  of  sodium  hydrate  is  onecontaining  the  equiva- 
lent of  its  molecular  weight  in  grammes — i.  ('.,40  grammes — in  1,00<) 
c.c.  of  distilled  water;  a  decinormal  solution  will,  therefore,  contain 
4  grammes  in  the  same  volume  of  water.  This  quantity  is  dissolved 
in  less  than  1,000  c.c.  and  the  solution  brought  to  the  proper  strength 
by  titrating  it  with  a  solution  of  oxalic  acid  of  known  strength. 

From  the  equation, 

2NaOH  +  C,HA  =  (',Na,0.  +■  2H,0, 
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it  is  seen  that  two  molecules  of  NaOH  (mol.  weight  40)  combine 
with  one  molecule  of  CgHjO^  +  2H2O  (mol.  weight  126),  or  4  parts 
by  weight  of  the  former  with  6.3  of  the  latter.  One-tenth  gramme 
of  oxalic  acid  would,  hence,  require  15.873  c.c.  of  the  one-tenth  nor- 
mal solution  of  NaOH  for  its  neutralization,  as  is  apparent  from  the 
equations : 

100 

6.3  :  1,000  :  :0.1  :z;   6.3x=  100  and  i  =  -j^  =  15.873. 

u.o 

One-tenth  gramme  of  pure,  crystallized  oxalic  acid  is  dissolved  in 
distilled  water,  and  the  solution  titrated  with  the  one-tenth  normal 
solution  of  sodium  hydrate,  which  is  to  be  corrected,  using  two  or 
three  drops  of  a  1-per-cent.  alcoholic  solution  of  phenolphthalein  as 
an  indicator,  until  the  rose  color  of  the  solution  has  entirely  disap- 
peared; 15.9  c.c.  should  bring  about  this  result.  As  the  NaOH 
solution,  however,  has  been  purposely  made  too  strong,  less  will  be 
required.  The  amount  of  water  that  must  then  be  added  in  order  to 
bring  the  solution  to  its  proper  strength  is  determined  by  the  formula 

C=    — ,  in  which  C  represents  the  number  of  c.c.   of  water  which 

must  be  added  to  the  remaining  solution,  N  the  total  number  of  c.c, 
remaining  after  one  titration,  n  the  number  of  c.c.  consumed  in  one 
titration,  and  d  the  difference  between  the  number  of  c.c.  theoretically 
required  and  that  actually  used  in  one  titration.  The  solution  hav- 
ing thus  been  properly  diluted,  the  correctness  of  its  strength  is  again 
tested  and  a  further  correction  made,  if  necessary,  until  absolute  ac- 
curacy has  been  attained. 

1,000  c.c.  of  the  one-tenth  normal  solution  containing  4  grammes 
of  NaOH  are  equivalent  to  3.65  grammes  of  HCl,  as  is  seen  from 
the  equation  : 

NaOH  +  HCl  --r^-  NaC'l  -r  H,0 
40  36. 5 

1,000  c.c.  of  the  T^ff  normal  solution  represent  3. 60      grms.  of  HCl 
100    *'       "        '^        *'  "  *♦         0.365     grm.     *'     " 

10    **       "        *'         "  "  "        0.0365     *'       ♦'     '* 

1    ''       "       ''         **  *'      represents  0.00365    "        ''     ♦* 

Application  to  the  gcuntric  juice:  5  or  10  c.c.  of  the  filtered  gastric 
juice  are  titrated  with  the  one-tenth  normal  solution  of  sodium  hy- 
drate, using  two  or  three  droi>s  of  a  1-jxjr-cent.  alcoholic  solution  of 
phenolphthalein,  as  an  indicator,  until  the  rose  color  which  appears 
after  the  addition  of  every  drop  of  the  sodium  hydrate  solution  no 
longer  disappears  on  stirring  or  becomes  deeper  after  the  addition  of 
a  further  drop.  The  number  of  c.c.  of  the  one-tenth  normal  solu- 
tion employed  multiplied  by  0.00365  w^ill  then  indicate  the  acidity 
of  the  5  or  10  c.c.  of  gastric  juice  in  terms  of  HCl,  from  which  the 
percentage-acidity  is  calculated. 
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Example  :  10  c.c.  of  gastric  juice  required  the  addition  of  6.5  c.c. 
of  the  one-tenth  normal  solution  ;  6.5  x  0.00365  (?.  e.,  0.0237)  would 
hence  indicate  the  acidity  of  the  10  c.c.  of  gastric  juice  in  terms  of 
HCl,  and  0.0237  x  10  =  0.237,  the  percentage-acidity. 

As  these  figures  only  express  the  amount  of  HCl  in  pure  gastric 
juice  obtained  from  normal  individuals,  it  has  been  found  more  con- 
venient for  clinical  purposes  to  merely  indicate  the  degree  of  acidity 
by  the  number  of  c.c.  of  the  one-tenth  normal  solution  employed. 
In  the  above  example,  in  which  6.5  c.c.  were  used,  the  percentage 
acidity  would  thus  be  indicated  by  the  figure  65 ;  i.  e.,  the  number 
of  c.c.  of  the  one-tenth  normal  solution  necessary  to  neutralize  100  c.c. 
of  gastric  juice. 

Under  normal  conditions  figures  varying  from  40  to  60  are  usually 
obtained  one  hour  after  the  ingestion  of  Ewald's  test-breakfast,  while 
in  pathologic  conditions  considerable  variations  are  observed.  In 
the  acute  and  chronic  inflammatory  conditions  of  the  stomach,  on  the 
other  hand,  as  well  as  in  some  of  the  neuroses,  the  acidity  of  the  gas- 
tric contents  is  below  normal.  Higher  figures  are  met  with  in  cases 
of  ulcer,  in  some  cases  of  dilatation,  and  are  especially  frequent  in 
some  of  the  neuroses,  in  which  a  degree  of  acidity  corresponding  to 
90  or  even  more  is  not  infrequently  observed.  Increased  acidity, 
\isually  associated  with  hypersecretion  of  gastric  juice,  is  met  with  in 
the  so-called  hyperseeretio  acida  et  contimia  of  Reichmann. 

It  has  been  pointed  out  that  the  reaction  of  normal  gastric  juice  is 
always  acid,  owing  to  the  presence  of  free  hydrochloric  acid,  and  the 
same  may  be  said  to  hold  good  for  the  gastric  contents  in  general, 
obtained  from  a  normal  individual.  Pathologically  an  acid  reaction 
is  also  the  rule,  as  in  those  cases  in  which  hydn)chloric  acid  is  absent, 
fatty  acids  and  lactic  acid  usually  make  their  apjiearance.  It  is, 
therefore,  not  at  all  surprising  that  an  alkaline,  neutral,  or  amphc>- 
teric  reaction  is  but  rarely,  or  at  least  not  commonly,  observed  in 
the  gastric  contents  artificially  obtained,  and  practically  only  seen  in 
the  so-called  mucous  form  of  chronic  gastritis,  or  in  those  rare  cases 
of  anadeny,  in  which  a  complete  destruction  of  the  gastric  glands  has 
taken  place.  In  vomited  material,  on  the  other  hand,  such  observa- 
tions are  common,  owing  to  the  presence  of  large  amounts  of  saliva. 
The  vomited  material  in  cases  of  so-called  t'oinUu^  matutinuH^  which 
is  usually  referable  to  a  chronic  catarrhal  condition  of  the  pharynx, 
generally  presents  an  alkaline  reaction,  owing  to  the  fact  that  the 
fluid  brought  up  is  largely  unchanged  saliva. 

The  Source  of  the  Hydrochloric  Acid. 

That  the  hydrochloric  acid  is  not  directly  derived  from  the  chlorides 
ingested  is  shown  by  the  fact  that  it  is  still  secreted  by  starving 
animals.     The  same  point  is  also  proved   by  the  obserxations  of 
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Schreiber,  which  go  to  show  that  the  secretion  of  the  acid  is  con- 
tinuouS;  not  to  mention  the  well-known  fact  that  even  after  the 
ingestion  of  material  free  from  chlorine,  an  acid  gastric  juice  is 
secreted.  It  is  apparent,  then,  that  the  chlorides  of  the  blood  must 
furnish  the  necessary  chlorine,  and  as  the  pyloric  glands,  which  con- 
tain no  parietal  cells,  furnish  an  alkaline,  and  the  fundus  glands, 
which  do  contain  parietal  cells,  an  acid  secretion,  it  is  thought  that 
these  parietal  cells  are  in  some  manner  concerned  in  the  production 
of  the  hydrochloric  acid.  The  exact  manner  in  which  this  takes  place 
has  not  been  definitely  ascertained,  but  it  is  not  at  all  improbable 
that  the  acid  results  from  a  "  Masseneinwirkung ''  on  the  part  of  the 
carbonic  acid,  which  is  present  in  large  quantities  in  the  blood  as 
such,  upon  the  sodium  chloride,  and  that,  owing  to  a  specific  action 
on  the  part  of  the  parietal  cells,  the  hydrochloric  acid  is  secreted 
into  the  ducts  of  the  glands  of  the  stomach,  while  the  sodium  car- 
bonate which  is  formed  at  the  same  time  returns  to  the  blood. 

Two  factors  are  thus  necessary  in  order  that  a  normal  amount  of 
hydrochloric  acid  should  be  secreted — i.  f.,  a  normal  condition  of  the 
blood  and  a  normal  condition  of  the  cells.  Whenever  the  integrity 
of  either  of  these  two  factors  becomes  impaired  it  is  clear  that  an 
abnormal  secretion  of  hydrochloric  acid  or  none  at  all  will  result. 
The  nervous  system,  furthermore,  must  be  taken  into  consideration  as 
a  third  factor,  as  normal  innervation  is  the  sine  (pin  non  for  the  normal 
activity  of  any  organ.  The  secretion  of  the  acid  is  impaired  whenever 
the  nutrition  of  the  cells  of  the  stomach  suffers,  whether  this  is  the 
result  of  inflammatory  lesions,  new  growths,  or  hyperajmic  conditions 
of  the  stomach,  the  effect  of  renal,  liepatic,  or  pulmonary  diseases, 
etc.,  or  in  consequence  of  central  or  peripheral  nervous  influences. 

In  the  secondary  dyspepsias^  then,  the  result  of  renal,  hepatic, 
cardiac,  or  haemic  diseases,  etc.,  an  examination  of  the  gastric  juice 
for  free  HCl  is  of  comparatively  little  value  from  a  diagnostic  stand- 
point, although  it  may  suggest  valuable  ]K)ints  for  the  dietetic  treat- 
ment of  such  patients. 

Significance  of  the  Free  Hydrochloric  Acid. 

It  w^as  formerly  thought  that  the  principal  function  of  the  stomach 
was  a  digestive  one,  and  that  in  the  stomach,  owing  to  the  action  of 
hydrochloric  acid  and  ix3i>sin,  albumins  were,  to  a  large  extent,  trans- 
formed into  peptones  and  albumoses.  As  pepsin  is  active  only  in 
the  presence  of  a  free  acid,  it  was  thought,  moreover,  that  the  jx)wer 
of  the  hydrochloric  acid  to  render  pepsin  physiologically  active  con- 
stituted its  entire  field  of  usefulness. 

It  had  already  been  noted  one  hundred  years  ago,  however,  by  the 
Abb6  Spalanzani,  that  pieces  of  meat  immersed  in  gastric  juice  re- 
sisted the  process  of  putrefaction  for  days.     When   it   was  shown, 
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later  on,  that  the  free  mineral  acids  ranked  among  the  most  powerful 
antiseptics,  and  that^the  stomach  secreted  an  amount  of  free  hydro- 
chloric acid  sufficient  to  prevent  the  development  of  most  of  the 
putrefiKitive  organisms,  the  time  had  come  to  doubt  the  correctness 
of  the  view  previously  held. 

Numerous  experiments  have  been  made  in  order  to  test  the  anti- 
septic  and  germicidal  power  of  the  gastric  juice.  Among  the  more 
important  results  achieved  the  following  may  be  mentioned  :  The 
comma  bacillus  of  cholera  Asiatica  is  destroyed  by  the  normal  acid 
gastric  juice,  while  infection  results  when  this  has  been  previously 
neutralized.  The  same  holds  good  for  numerous  other  pathogenic 
organisms  which  are  of  special  interest  to  the  clinician.  Among 
these  may  be  mentioned  the  various  species  of  streptococcus,  staphylo- 
coccus pyogenes  aureus,  the  bacillus  of  anthrax,  etc.  Unfortunately, 
however,  not  all  species  of  pathogenic  organisms  are  destroyed  by  the 
acid  of  the  gastric  juice,  and  the  spores  of  some  of  those,  moreover, 
that  are  destroyed  are  possessed  of  a  considerable  degree  of  resistance. 
This  is  especially  true  of  the  tubercle-bacillus  and  in  many  cases  of 
the  spores  of  the  anthrax-bacillus. 

Those  bacteria  also  which  cause  lactic  acid  and  butyric  acid  fer- 
mentation resist  the  anti-fermentative  power  of  the  gastric  juice  to  a 
certain  extent,  as  may  be  concluded  from  the  fact  that  they  are 
always  present  in  the  intestines.  At  the  beginning  of  the  process  of 
gastric  digestion,  when  the  hydrochloric  acid  secreted  is  immediately 
taken  up  by  the  albuminous  bodies  which  are  present,  traces  of  lactic 
acid  can  usually  be  demonstrated  in  the  gastric  contents,  if  carbo- 
hydrates have  been  ingested.  Later  on,  when  free  hydrochloric  acid 
appears,  lactic-acid  fermentation  ceases.  This  observation  is  in  per- 
fect accord  with  the  fact  that  the  action  of  the  lactic  acid  producers 
is  prevented  by  the  presence  of  0.7  p.  m.  of  free  hydrochloric  acid. 

From  what  has  been  said  it  may  be  argued  that  as  the  principal 
function  of  the  stomach  consists  in  the  furnishing  of  an  antiseptic 
and  germicidal  fluid,  under  suitable  conditions  life  could  go  on  in 
the  absence  of  the  stomach.  That  this  is  possible  has  actually  been 
demonstrated  by  Czerny,  who  succeeded  in  removing  almost  the 
entire  organ  from  a  dog.  Five  or  six  years  later  the  same  animal 
was  killed  in  Ludwig^s  laboratory,  and  it  was  found  at  the  autopsy 
that  "  near  the  cardia  a  small  portion  of  the  stomacli  had  remained, 
surrounding  a  globular  cavity  filled  with  food."  This  dog  then  had 
lived  for  almost  six  years,  practically  without  a  stomach,  had  gained 
in  weight,  and  was  to  all  intents  and  purposes  as  healthy  an  animal 
as  one  provided  with  an  entire  organ.  In  the  human  being  similar 
observations  have  been  made  on  subjects  of  carcinoma  of  the  stomach. 
It  is  thus  very  probable  that  the  stomach,  so  far  as  the  process  of 
digestion  is  concerned,  is  not  necessary  for  the  maintenance  of  life. 
10 
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It  has,  furthermore,  been  demonstrated  that  a  deficient  secretion 
of  hydrochloric  acid  is  noted  in  all  cases  in  which  an  increased  de- 
gree of  intestinal  putrefaction  occurs,  and  while  indol,  phenol,  and 
skatol,  as  well  as  their  compounds  with  sulphuric  acid,  in  the 
amounts  observed  in  physiologic  and  pathologic  conditions,  are  not 
thought  to  exert  any  toxic  influence  upon  the  body,  it  must  be  ad- 
mitted that  the  observations  were  made  upon  animals,  and  that  the 
results  obtained  may  not  be  directly  applicable  to  the  human  being. 
While  a  single  large  dose  may  not  produce  symptoms,  moreover,  it 
is  not  to  be  inferred  that  a  continuous  intoxication  with  the  products 
of  intestinal  putrefaction  may  not  lead  to  decided  pathologic  results. 

The  Amount  of  Free  Hydrochloric  Acid. 

Pure  gastric  juice,  according  to  Evvald,  Szabo,  and  Boas,  contains 
from  2  to  3  p.  m.  of  free  hydrochloric  acid. 

In  the  digesting  organ  such  amounts  are  only  met  with  at  the 
height  of  digestion,  and  after  all  albuminous  and  basic  affinities 
have  been  saturated.  The  time  at  which  free  hydrochloric  acid  can 
be  demonstrated  in  the  gastric  contents  afl«r  the  ingestion  of  a  meal 
will,  hence,  vary  with  the  character  of  the  food  and  its  amount. 
When  but  little  work  is  to  be  accomplished,  free  hydrochloric  acid 
is  found  much  sooner  than  otherwise.  Aft*;r  Ewald's  test-breakfast, 
for  example,  it  appears  after  thirty-five  minutes ;  the  point  of  max- 
imum acidity  is  reached  after  from  fifty  to  sixty  minutes,  and  corre- 
sponds to  the  presence  of  1.7  p.  m.  Following  Riegel's  meal,  on 
the  other  hand,  the  free  acid  appears  after  135  minutes  and  reaches 
its  highest  point,  corresponding  to  2.7  p.  m.,  in  from  180  to  210 
minutes  (Figs.  32  and  33). 

Clinically  it  is  necessary  to  distinguish  between  euchlorhydria,  or 
the  secretion  of  a  normal  amount  of  free  hydrochloric  acid  (0.1  to 
0.2  per  cent.),  hypochlorhydria,  or  the  secretion  of  a  deficient 
amount  (less  than  0.1  per  cent.),  hyperchlorhydria,  in  which  more 
than  0.2  per  cent,  is  found,  and,  finally,  anachlorhydria,  in  which 
no  hydrochloric  acid  at  all  is  secreted. 

Euchlorhydria. — Euchlorhydria,  when  associated  with  clinical 
symptoms  pointing  to  gastric  derangement,  is  most  commonly  ob- 
S3rved  in  nervous  dyspepsia,  A  chronic  gastritis  can  always  be 
excluded  in  the  presence  of  a  normal  amount  of  the  free  acid,  thus 
constituting  a  most  important  point  in  the  differential  diagnosis  be- 
tween these  two  conditions.  A  normal  secretion  of  free  hydro- 
chloric acid  is,  furthermore,  observed  in  some  cases  of  atony  or 
hypatony  of  the  muscular  walls  of  the  stomach. 

Hypochlorhydria. — Hypochlorhydria  is  associated  with  all  those 
diseases  in  which  the  secretory  elements  have  been  more  or  less 
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damaged,  as  in  subacute  and  chronic  gastritis,  in  some  cases  of  ulcer 
of  the  stomach  or  the  duodenum,  in  incipient  carcinoma,  dilatation, 
and  atony. 

Anachlorhydria. — Not  many  years  ago  it  was  thought  that  the 
absence  of  free  hydrochloric  acid  from  the  gastric  contents  was 
pathognomonic  of  carcinoma  of  the  stomach.  This  view  was  soon 
abandoned,  however,  as  it  was  shown  that  cases  of  carcinoma  occur 
in  which  hydrochloric  acid  is  not  only  present,  but  present  in  excessive 
amounts.  This  is  true  especially  of  those  cases  in  which  the  malig- 
nant growth  has  started  upon  the  base  of  an  old  ulcer.  It  was, 
furthermore,  shown  that  anachlorhydria  exists  in  almost  all  cases  of 
advanced  chronic  gastritis,  and  is  a  very  common  occurrence  in 
neurasthenic  and  hysterical  individuals,  constituting  the  so-called 
hysterical  anacidity. 

Hyperchlorhydria. — ^The  existence  of  hyperchlorhydria  is  gen- 
erally indicative  of  a  gastric  neurosis,  and  is  thus  frequently  met 
with  in  its  simplest  form  in  certain  neurasthenic  individuals.  Asso- 
ciated with  a  continuous  hypersecretion  of  gastric  juice  it  constitutes 
the  neurosis  that  has  been  described  under  the  term  hyperHecretio 
aeida  et  continua.  Hyperchlorhydria  is  also  of  frequent  occurrence 
in  cases  of  gastric  ulcer,  and  may  even  occur  in  carcinoma,  notably 
in  those  cases  in  which,  as  has  been  stated  above,  the  new  growth 
has  started  from  an  old  ulcer. 

Test  for  Free  Acids. 

Following  a  physical  examination  of  the  gastric  contents,  and,  if 
acid,  a  determination  of  the  total  acidity,  the  next  step  will  be  to 
determine  whether  or  not  the  acid  reaction  is  referable  to  the  presence 
of  a  free  acid,  of  combined  acids,  or  of  acid  salts. 

The  Congo-red  Test. — Congo-red  is  a  carmin-colored  powder, 
while  its  solutions  are  of  a  peach-  or  brownish-red  color,  which 
changes  to  azure-blue  upon  the  addition  of  a  free  acid,  but  remains 
unaflTected  in  the  presence  of  an  acid  salt.  Congo-red  may  be  em- 
ployed in  solution  or  in  the  form  of  a  test-paper.  The  latter,  how- 
ever, is  less  delicate  than  the  solution,  and  only  indicates  the  pres- 
ence of  0.01  per  cent,  of  hydrochloric  acid,  while  a  positive  reaction 
can  still  be  obtained  with  the  aqueous  solution  in  the  presence  of 
0.OOO9  per  cent.  The  solution  should  be  moderately  dilute.  The 
test-paper  is  prepared  by  soaking  filter-imper,  free  from  ash,  in  this 
solution,  drying  and  cutting  it  into  suitable  strips.  In  order  to  test 
for  the  presence  of  a  free  acid  it  is  only  necessary  to  immerse  a  strip 
of  the  test-paper  in  the  filtered  gastric  juice,  or  to  add  a  drop  or  two 
of  the  solution  to  a  small  amount  of  the  juice,  w^hen  in  the  presence 
of  a  free  acid  a  blue  color  will  develop,  which  varies  from  a  sky-blue 
to  a  deep  azure  according  to  the  amount  present. 
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A  negative  result  will  at  once  exclude  the  possibility  of  peptic 
activity,  as  pepsin  only  acts  in  solutions  containing  a  free  acid. 

If  the  result  of  the  test  is  positive,  the  nature  of  the  free  acid  must 
still  be  ascertained,  and  it  is,  therefore,  necessary  to  test  for  free  hydix)- 
chloric  acid,  or  in  its  absence  for  lactic  acid  and  certain  fatty  acids. 

Tests  for  Free  Hydrochloric  Acid. 

The  various  reagents  which  may  be  employed  are  given  below, 
and  are  arranged  according  to  their  degree  of  delicacy,  viz  : 

1.  Dimethyl-aniido-azo-benzol 0.02  p.  m. 

2.  Phloroglucin-vanillin 0.05  " 

3.  Resorcin 0.05  " 

4.  Methyl-violet 0.2  ** 

5.  Tropseolin  00 0.3 

6.  £inerald-green 0.4 

7.  Mohr'g  reagent 1.0  '* 

The  Dimethyl-amido-BiZO-benzol  Test. — This  test  is  also  known 
as  Topfer's  test  and  is  destined  to  replace  the  older  phloroglucui- 
vanillin  and  resorcin  tests  in  the  clinical  laboratory.  The  delicacy 
of  the  reagent  is  such  that  the  neutral  yellow  color  of  the  indicator 
is  changed  to  a  reddish  tinge  upon  the  addition  of  but  one  drop  of  a 
one-tenth  normal  solution  of  hydrochloric  acid  in  5  c.c.  of  distilled 
water.  Organic  acids  yield  a  red  color  only  when  present  in  amounts 
exceeding  0.5  per  cent.;  but  even  then  a  negative  reaction  is  obtained, 
if,  as  in  the  stomach,  small  quantities  of  albumins,  peptones,  or  mucin 
are  at  the  same  time  present.  A  positive  reaction  is  then  only  ob- 
tained when  the  organic  acids  are  present  in  amounts  far  exceeding 
0.5  per  cent.  Loosely  combined  hydrochloric  acid  and  acid  salts  do 
not  produce  this  change  in  color.  Its  suj)erior  delicacy,  as  comparo<l 
with  the  phloroglucin-vanillin  and  resorcin  tests,  is  apparent  from  the 
fact  that  5  c.c.  of  an  0.5-i)er-cent.  solution  of  egg-albumin,  to  which 
six  drops  of  a  one-tenth  normal  solution  of  hydrochloric  acid  have 
been  added,  still  give  a  positive  reaction  with  dimethyl-amido-azo- 
benzol,  while  the  plilorogluciu-vanillin  and  resorcin  reactions  are 
negjitive. 

For  practical  purposes  a  0.5-per-cent.  alcoholic  solution  is  em- 
ployed. One  or  two  drops  of  this  are  added  to  a  trace  of  the  gastric 
contents,  which  need  not  be  filtered :  in  the  presence  of  free  hydro- 
chloric acid  a  beautiful  cherry- red  color  develops,  which  varies  in 
intensity  according  to  the  amount  of  free  acid  present.  A  test-pa|)er, 
prepared  by  soaking  strips  of  filter-paper  in  the  0.5-per-cent.  solu- 
tion and  allowing  them  to  dry,  may  also  be  employed.  With  ga.stric 
juice  containing  no  free  hydrochloric  acid,  as  with  distilled  wat^r,  a 
yellow  color  results,  the  fluid  at  the  same  time  becoming  cloudy  and 
beautifully  fluorescent. 
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I  have  personally  used  Topfer's  test  during  the  last  eight  years 
and  prefer  it  to  all  others. 

The  Phloroglacin-vaiiillin  Test. — The  solution  employed  con- 
tains 2  grammes  of  phloroglucin  and  1  gramme  of  vanillin,  dissolved 
in  .*W  c.c.  of  absolute  alcohol :  a  yellow  color  results,  which  gradually 
turns  a  dark  golden-red,  changing  to  brown  when  exposed  to  the 
light.  The  solution  should,  therefore,  be  kept  in  a  dark-colored 
bottle.  Lenhartz  suggests  the  use  of  separate  solutions  of  phlo- 
roglucin and  vanillin,  one  or  two  drops  of  each  being  employed  in 
the  test.  Boas  recommends  a  solution  of  the  phloroglucin  and 
vanillin,  in  the  proportions  indicated,  in  100  grammes  of  80-per-cent. 
alcohol,  and  claims  that  the  reagent  is  then  still  more  sensitive  and 
more  stable.  If  a  few  drops  of  gastric  juice,  or  even  of  the  unfiltered 
gastric  contents,  containing  0.05  or  more  per  cent,  of  free  hydro- 
chloric acid,  are  treated  with  the  same  number  of  drops  of  the 
reagent,  no  change  in  color  results,  but  upon  the  application  of  gen- 
tle heat — boiling  and  rapid  evaporation  are  to  be  avoided — a  rose-tint 
or  exceedingly  fine  rose-colored  lines  develop,  which  are  characteristic 
of  the  presence  of  the  free  acid. 

For  practical  purposes  it  is  best  to  carry  on  this  slow  evaporation 
on  a  thin  porcelain  butter-dish,  the  porcelain  cover  of  a  crucible,  or 
in  a  small  evaporating-dish  of  the  same  material.  The  color  obtained 
in  the  presence  of  free  hydrochloric  acid  is  a  rose  color  in  every  in- 
stance and  varies  in  intensity  with  the  amount  of  acid  present.  A 
brown,  brownish-yellow,  or  brownish-red  color  always  indicates  that 
excessive  heat  has  been  applied  or  that  free  hydrochloric  acid  is 
absent. 

Organic  acids  do  not  produce  the  reaction,  nor  is  it  interfered  with 
by  their  presence,  or  that  of  albumins,  peptones,  or  acid  salts. 

A  phloroglucin- vanillin  test-paper,  prepared  by  soaking  strips  of 
filter-paper,  free  from  ash,  in  the  solution  and  drying  them,  may 
also  be  employed.  If  a  strip  of  this  is  moistened  with  a  drop  of 
gastric  juice  and  gently  heated  in  a  porcelain  dish,  the  rose  color 
will  be  seen  to  develop  in  the  presence  of  free  hydrochloric  acid,  and 
does  not  disappear  upon  the  addition  of  ether. 

The  Resorcin  Test. — The  solution  consists  of  five  grammes  of 
resublimed  resorcin  and  3  grammes  of  cane-sugar,  dissolved  in  100 
grammes  of  94-per-cent.  alcohol.  It  is  of  equal  delicacy  as  the 
phloroglucin-vanillin  solution  and  has  the  advantage  of  greater  sta- 
bilitv. 

Five  or  six  drops  of  gastric  juice  are  treated  with  three  to  five 
drops  of  the  reagent  and  slowly  evaporated  to  complete  dryness, 
over  a  small  flame,  when  a  beautiful  rose-  or  vermilion-red  mirror 
will  be  obtained,  which  gradually  fades  on  cooling.  If  the  reagent 
is  employed  in  the  form  of  a  test-paper,  a  violet  color  at  first  de- 
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velops,  which  upon  the  application  of  heat  turns  brick-red  and  does 
not  disappear  on  treatment  with  ether. 

The  presence  of  acid  salts,  organic  acids,  albumins,  or  peptones 
does  not  interfere  with  the  reaction. 

The  Methyl-violet  and  Emerald-green  Tests  cannot  be  recom- 
mended, as  they  are  uncertain  and  may  lead  to  error. 

The  Tropseolin  Test. — Tropaeolin  00,  when  employed  according 
to  the  method  suggested  by  Boas,  is  a  very  reliable  reagent,  indicat- 
ing the  presence  of  0.2  to  0.3  per  cent,  of  free  hydrochloric  acid. 
Three  or  four  drops  of  a  saturated  alcoholic  solution  of  tropaeolin 
00,  which  has  a  brownish-yellow  color,  are  placed  in  a  small  porce- 
lain dish  or  cover,  and  allowed  to  spread  over  the  surface.  A  like 
amount  of  gastric  juice  is  then  added  and  likewise  allowed  to  flow 
over  the  surface  of  the  dish  ;  upon  the  application  of  gentle  heat 
beautiful  lilac  or  blue  stripes  appear,  which  are  said  to  be  absolutely 
characteristic  of  free  hydrochloric  acid. 

A  tropsBolin  test-paper  may  also  be  prepared,  by  soaking  filter- 
paper,  free  from  ash,  in  the  alcoholic  solution,  and  then  drying 
and  cutting  it  into  strips.  A  few  drops  of  gastric  juice  contain- 
ing free  hydrochloric  acid  produce  a  more  or  less  pronounced 
brown  color  upon  this  paper,  which  turns  lilac  or  blue  upon  the  ap- 
plication of  gentle  heat.  Organic  acids,  when  present  in  large 
amounts,  likewise  produce  a  brown  color,  but  this  disappears  on 
heating,  and  a  lilac  or  blue  color  does  not  result. 

For  ordinary  purposes  this  test  is  sufficient,  and  recourse  need 
only  be  had  to  the  more  delicate  reagents,  when  a  negative  or  a 
doubtful  result  is  obtained. 

Mohr's  Test,  as  Modified  by  Ewald. — Two  c.c.  of  a  10-i)er-cent. 
solution  of  potassium  sulphocyanide  are  treated  with  0.5  c.c.  of  a 
neutral  solution  of  ferric  acetate,  and  diluted  to  10  c.c.  with  distilled 
water,  a  ruby-red  solution  resulting.  Of  this  a  few  drops  are  placed 
in  a  porcelain  dish,  when  a  drop  or  two  of  the  filtered  gastric  con- 
tents are  allowed  to  come  into  contact  with  the  reagent.  In  the 
presence  of  free  hydrochloric  acid  a  light  violet  color  develops  at  the 
point  of  contact  between  the  two  fluids,  and  turns  a  deep  mahogany 
brown  upon  mixing. 

The  test  is  not  interfered  with  by  the  presence  of  acid  salts  or 
peptones,  but  is  not  so  sensitive  as  those  described. 

The  Benzopurpurin  Test. — Benzopurpurin  6B  has  been  highly 
recommended  by  v.  Jaksch  as  a  very  sensitive  test  for  hydrochloric 
acid.  It  is  best  used  in  the  form  of  a  test-paper,  prepared  by  soak- 
ing strips  of  filter-pai)er,  free  from  mineral  ash,  in  a  concentrated 
watery  solution  of  the  reagent  and  allowing  them  to  dr}\ 

In  the  presence  of  more  than  0.4  gramme  of  hydrochloric  acid  in 
100  c.c.  of  gastric  juice  the  dark-red  color  of  the  test-paper  immedi- 
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ately  turns  a  deep  blackish-blue.  Should  a  brownish-black  color 
develop,  this  is  likely  due  to  the  presence  of  organic  acids,  or  a  mix- 
ture of  these  and  hydrochloric  acid.  If  the  color  is  caused  by  or- 
ganic acids  only,  it  will  disappear  on  washing  the  strip  with  a  little 
neutral  ether,  the  original  color  of  the  test-paper  being  thus  restored  ; 
but  if  due  to  a  mixture  of  the  two,  the  reaction  is  less  marked, 
and  does  not  disappear.  According  to  Hellstrom,  0.39  milligramme 
of  hydrochloric  acid  dissolved  in  6  c.c.  of  water,  can  be  recognized 
by  the  addition  of  only  5  milligrammes  of  benzopurpurin. 

Acid  salts,  peptones,  and  serum-albumin  do  not  seriously  inter- 
fere with  the  reaction. 

Benzopurpurin  test-paper  v.  Jaksch  claims  to  be  more  sensitive 
than  the  Congo-red  paper. 

The  Combined  Hydrochloric  Acid. 

It  lias  been  stated  (see  p.  139)  that  the  total  acidity  of  the  gastric 
juice  can  only  be  referred  to  hydrochloric  acid,  when  organic  acids 
and  acid  salts  are  absent.  At  the  same  time  the  free  acid  is  titrated 
together  with  the  loosely  combined.  The  presence  of  free  hydro- 
chloric acid  in  normal  amounts  implies,  of  course,  the  existence  of 
peptic  activity,  and  indicates  that  all  albuminous  aflfinites  have  been 
saturated.  In  the  absence  of  free  hydrochloric  acid,  however,  it  is 
important  to  know  whether  or  not  hydrochloric  acid  is  secreted — /.  c, 
whether  peptic  digestion  is  at  a  standstill  or  whether  an  amount  is 
secreted  that  is  only  suflGcient  to  saturate  certain  albuminous  affinities 
without  appearing  in  the  free  state.  In  the  treatment  of  the  various 
forms  of  gastric  disease,  more  especially  those  associated  with  an 
absence  of  free  hydrochloric  acid,  accurate  knowledge  in  this  respect 
is  important.  If  no  hydrochloric  acid  at  all  is  secreted,  the  stomach 
can  only  be  regarded  as  a  storehouse,  as  it  were,  and  proteids  must 
be  ordered  in  such  form  that  they  may  be  subjected  to  the  process  of 
pancreatic  digestion  with  as  little  delay  as  possible,  the  nutrition  of 
the  body  being  aided,  if  necessary,  by  a  suitable  administration  of 
predigested  food.  If,  on  the  other  hand,  an  amount  of  hydrochloric 
acid  is  secreted  which  is  sufficient  to  saturate  the  albuminous  affinities 
of  an  ordinary  meal,  or  at  least  of  moderate  amounts  of  proteids,  the 
dietetic  directions  need  not  be  so  stringent.  While  in  the  former 
case  the  absence  of  loosely  combined  hydrochloric  acid  usually  indi- 
cates complete  destruction  of  the  glandular  elements  of  the  stomach — 
in  other  words,  an  irreparable  condition — a  fair  prognosis  may  be 
given  when  the  amount  of  acid  secreted  is  sufficient  for  the  saturation 
of  the  albuminous  affinities  of  an  ordinary  meal.  The  following 
table  *  shows  the  amount  of  hydrochloric  acid  necessary  to  saturate 

'Taken  from  Ehrlich  :  Dissert.     Erlangen,  1893. 
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the  affinities  of  known  quantities  of  various  articles  of  food,  the  figures 
given  having  reference  to  100  c.c.  or  100  grammes  : 

Milk 0.32-0.42  gramme  of  pure  HCl. 

Beef  (boiled) 2.0  grammes     '*  " 

Mutton  (boiled)         ....     1.9         **  ''  " 

Veal  (boiled) 2.2        ** 

Pork  (boiled)    .....     1.(5         **  *'  " 

Sweetbread  ( boiled )  .  .     0.9  gramme 

Calves'  brain  (boiled)  .0.65 

Ham  (raw) 1.9  grammes 

Ham  (boUed) 1.8         '*  *' 

Liver  sausage 0.8  gramme       **  ** 

Cervelat  sausage  .  .1.1  grammes      "  ** 

Mettwurat 1.0  gramme       "  ** 

Blood  sausage 0.3         "  *'  '* 

Graham  bread 0.3         "  *^  *' 

Pumpernickel 0.7 

Wheat  bread 0.3 

Rye  bread 0.5         "  **  ** 

Swiss  cheese      .....     2.6  grammes      **  " 

Fromage  de  Brie       .         .         .         .1.3         »*  *'  ** 

Edam  cheese 1.4         **  **  ** 

Roquefort  cheese  .2.1         **  **  " 

Beer  (German)  .     0.07-0.15  gramme     '*  ** 


The  Quantitative  Estimation  of  the  Hydrochloric  Acid  of  the 

Gastric  Juice. 

Tdpfer's  Method. — ^The  free  and  combined  hydrochloric  acid  is 
most  conveniently  estimated  according  to  Topfer's  method,  which  is 
both  simple  and  sufficiently  accurate  for  clinical  purposes. 

In  this  method  the  total  acidity  (a)  of  a  given  amount  of  gastric 
juice — /.  e.,  the  acidity  referable  to  the  presence  of  free  hydrochloric 
acid,  combined  hydrochloric  acid,  acid  salts,  and  any  organic  acids 
that  may  be  present — is  first  determined  (lactic  acid  and  the  fatty 
acids,  if  present,  need  not  be  remove<l),  using  phenolphthalein  as  an 
indicator.  This  is  followed  by  a  determination  of  the  acidity  refer- 
able to  free  acids  and  acid  salts  in  the  same  amount  of  gastric  juice 
(6),  using  alizarin  (alizarin  monosulphonate  of  sodium)  as  an  indi- 
cator. As  this  does  not  react  with  loosely  combined  hydrochloric 
acid,  the  difference  Ixjtween  "  a  ''  and  "  h  "  will  indicate  the  amount 
of  the  latter.  The  free  hydrochloric  acid  (c)  finally  is  estimated  with 
dimethyl-amido-azo-benzol  as  an  indicator,  the  difference  between  a 
and  b  +  c  giving  the  acidity  referable  to  organic  acids  and  acid  salts. 

The  solutions  required  are  the  following : 

1.  A  decinormal  solution  of  sodium  hydrate. 

2.  A  1-per-cent.  alcoholic  solution  of  phenolphthalein. 

3.  A  1-per-cent.  a([ueous  solution  of  alizarin. 

4.  An  0.5-per-cent.  alcoholic  solution  of  diraethyl-amido-azo- 
bcnzol. 
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Three  separate  portions  of  5  or  10  c.c.  of  filtered  gastric  juice  are 
measured  off  into  three  small  beakers  or  porcelain  dishes.  To  the 
first  portion  one  or  two  drops  of  phenolphthalein  are  added,  when 
it  is  titrated  with  the  one-tenth  normal  solution  of  sodium  hydrate. 
It  is  necessary,  however,  to  titrate  to  the  point  of  a  deep  red,  and 
not  to  the  rose  hue  which  first  appears.  It  will  be  seen  that  upon 
the  addition  of  the  first  few  drops  of  the  one-tenth  normal  solution 
the  red  color,  which  first  appears,  disappears  on  stirring.  Upon 
further  titration  a  point  is  reached  when  this  no  longer  occurs,  and 
the  color  of  the  entire  solution  suddenly  turns  to  a  rose.  This  rose 
color,  however,  is  not  the  end-reaction  that  is  to  be  obtained.  If  the 
titration  is  continued,  it  will  be  observed  that  a  dark-red  cloud  forms 
in  the  light  rose-colored  solution,  which  disappears  on  stirring  ;  finally 
a  point  is  reached  when  an  additional  drop  no  longer  intensifies  the 
color  of  the  solution.  This  point  is  the  end  reaction  which  must  be 
obtained. 

To  the  second  portion  three  or  four  drops  of  the  alizarin  solution 
are  added,  when  it  also  is  titrated  with  the  one-tenth  normal  solution 
of  sodium  hydrate,  until  a  pure  violet-color  is  obtained.  As  some 
little  practice  is  required  in  order  to  determine  this  jwint  with  accu- 
racy, Topfer  advises  to  previously  make  the  following  simple  tests : 

1.  To  5  c.c.  of  distilled  water  add  2  or  3  drops  of  alizarin  solu- 
tion, when  a  yellow  color  will  result. 

2.  To  5  c.c.  of  a  1-per-cent.  solution  of  disodium  phosphate  add 
the  same  number  of  drops,  when  a  red  or  slightly  violet  color  will 
be  obtained. 

3.  Fiv^ec.c.  of  a  1-per-cent.  solution  of  sodium  carbonate,  treated 
with  2  or  3  drops  of  the  alizarin  solution  will  strike  a  pure  violet ; 
this  is  the  color  to  which  the  titration  must  be  carried. 

In  the  third  portion  of  the  gastric  juice  the  free  hydrochloric  acid 
is  titrated,  after  the  addition  of  three  or  four  drops  of  the  dimethyl- 
am  ido-azo-benzol,  until  the  last  trace  of  red — in  the  presence  of  free 
hydrochloric  acid — has  disappeared.  A  yellow  color  resulting  upon 
the  addition  of  the  indicator  demonstrates  the  absence  of  the  free 
acid,  as  has  been  shown  on  page  1 48.  The  results  are  then  calculated 
as  shown  in  the  following  example. 

Ten  c.c.  of  gastric  juice,  using  phenolphthalein  as  an  indicator, 
recjuirei^l  10  c.c.  of  the  one-tenth  normal  solution  in  order  to  bring 
about  the  end  reaction,  while  a  like  amount  titrated  in  the  same 
manner  with  alizarin  required  7  c.c.  in  order  to  bring  about  the 
same  result.  The  difference  between  10  and  7 — /.  c,  3 — would 
thus  indicate  the  number  of  c.c.  necessary  to  neutralize  the  amount 
of  hydrochloric  acid  in  combination  with  albuminous  material.  As 
1  c.c.  of  the  one-tenth  normal  solution  represents  0.00365  gramme 
of  hydrochloric  acid,  the  amount  of  the  acid  thus  held  will  be  equiv- 
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alent   to    0.00365  x  3  =  0.01095    gramme  of  hydrochloric  acid  ; 
i.  e.y  0.1095  per  cent. 

In  the  estimation  of  the  free  hydrochloric  acid  3.2  c.c.  of  the  one- 
tenth  normal  solution  were  required,  using  dimethyl-amido-azo-ben- 
zol  as  an  indicator ;  this  would  correspond  to  0.00365  x  3.2  ;  /.  ^., 
0.1168  per  cent.  The  value  of  the  total  acidity  in  terms  of  hydro- 
chloric acid  is  10  x  0.00365  =  0.0365  gramme  for  every  10  c.c.  of 
gastric  juice,  or  0.365  per  cent.  By  deducting  the  amount  of  the 
free  and  combined  hydrochloric  acid,  viz,  0.1095  +  0.1168  =  0.2263, 
from  this  it  is  found  that  the  acidity  of  the  gastric  juice  referable  to 
organic  acids  and  acid  salts  amounts  to  0.1387  per  cent,  so  that  the 
results  can  be  tabulated  as  follows : 

Free  hydrochloric  acid 0.1168  per  cent. 

Combined  hydrochloric  acid  ....         0.1095         ** 
Organic  acids  and  acid  salts    ....         0.1387         ** 

Total  acidity        ....        0.3650  per  cent. 

The  Method  of  Uartias  and  Liittke  (Modified). — This  method 
is  equally  exact,  but  requires  a  greater  expenditure  of  time. 

It  is  based  upon  the  fact  that  upon  incineration  of  the  gastric 
juice  the  free  hydrochloric  acid  and  that  loosely  combined  with  al- 
buminous material  escape,  while  the  chlorine  in  combination  with 
inorganic  bases  remains  in  the  mineral  ash,  unless  a  very  intense 
heat  is  applied  for  some  time.  By  subtracting  the  amount  of  chlorine 
present  in  the  latter  form  from  the  total  amount,  the  quantity  in 
combination  with  albuminous  material  and  that  occurring  as  free 
acid  will  be  found.  The  total  acidity  of  the  gastric  juice  is  then  de- 
termined, and  that  referable  to  the  presence  of  the  free  and  com- 
bined hydrochloric  acid  subtracted,  the  difference  giving  the  amount 
of  organic  acids  present.  By  determining  the  acidity  due  to  the 
presence  of  free  hydrochloric  acid  according  to  Topfer's  method, 
and  deducting  the  amount  found  from  that  referable  to  the  presence 
of  free  and  combined  hydrochloric  acid,  the  amount  of  the  latter  is 
obtained. 

Reagents  required  : 

1.  A  solution  of  nitrate  of  silver  in  nitric  acid  of  such  a  strength 
that  1  C.C.  shall  represent  0.00365  gramme  of  hydrochloric  acid. 

2.  Liquor  ferri  sulphur,  oxydati. 

3.  A  decinormal  solution  of  ammonium  sulphocyanide. 

4.  A  one-tenth  normal  solution  of  sodium  hydrate. 

5.  A  1-per-ccnt.  alcoholic  solution  of  phenolphthalein. 

6.  A  0.5-per-cent.  alcoholic  solution  of  dimethyl-amido-azo-benzol. 
Preparation  of  the  solutions  : 

1.  The  silver  nitrate  solution  :  As  a  solution  is  required  of  such 
strength  that  1  c.c.  shall  be  equivalent  to  0.00365  gramme  of  hydro- 
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chloric  acid,  the  amount  of  silver  nitrate  that  must  be  dissolved  in 
1,000  c.c.  of  water  is  ascertained  in  the  following  manner:  Since 
169-66  (molecular  weight)  parts  by  weight  of  silver  nitrate  combine 
with  36.5  parts  of  hydrochloric  acid  (molecular  weight),  the  amount 
of  silver  nitrate  required  for  each  c.c.  is  found  from  the  equation  : 

169.66  :  36.5  :  ;  x  :  0.00365  ;  36.5  x  =  0.6192590  ;  x  =  0.0169. 

In  one  c.c.  of  the  silver  solution  0.0169  gramme  of  silver  nitrate  must 
thus  be  present,  or  16.9  grammes  in  the  litre.  This  quantity,  or 
roughly  17  grammes,  is  weighed  off  and  dissolved  in  900  c.c.  of  a 
25-per-cent.  solution  of  nitric  acid ;  as  the  acid  must  be  present  in 
excess,  the  solution  is  purposely  made  too  strong.  To  this  solution 
50  c.c.  of  the  liquor  fern  sulphurati  oxydati  are  added.  The  solu- 
tion is  then  brought  to  the  proper  strength  by  titration  of  a  known 
number  of  c.c.  of  a  one-tenth  normal  solution  of  hydrochloric  acid 
and  correcting  as  usual. 

2.  The  ammonium  sulphocyanide  solution  :  A  normal  solution  of 
ammonium  sulphocyanide  contains  75.98  grammes  (molecular  weight) 
per  litre,  and  a  decinormal  solution  7.598  grammes.  This  quantity, 
or  roughly  8  grammes,  is  dissolved  in  about  900  c.c.  of  water  and 
the  solution  brought  to  the  proper  strength  by  titrating  a  known 
number  of  c.c.  of  the  silver  nitrate  solution,  when  every  c.c.  should 
correspond  to  1  c.c.  of  the  silver  solution,  i.  e.,  to  0.00365  gramme 
of  hydrochloric  acid.     It  is  corrected  as  described  elsewhere. 

Method  : 

1.  To  determine  the  total  amount  of  chlorine  present :  10  c.c.  of 
filtered  gastric  juice — Martins  and  Liittke  make  use  of  the  unfiltered 
gastric  contents — are  measured  off  into  a  small  flask  bearing  a  100 
c.c.  mark,  and  treated  with  an  excess  of  the  one-tenth  normal  solu- 
tion of  silver  nitrate.  Experience  has  shown  that  20  c.c.  are  suffi- 
cient. The  mixture  is  agitated  and  allowed  to  stand  for  ten  minutes. 
Distilled  water  is  then  added  to  the  100  c.c.  mark ;  the  mixture  is 
agitated  once  more  and  filtered  through  a  dry  filter  into  a  dry  beaker. 
Fifty  c.c.  of  the  filtrate  are  titrated  with  the  one-tenth  normal  solu- 
tion of  ammonium  sulphocyanide  until  the  blood-red  color  which  ap- 
pears upon  the  addition  of  every  drop — due  to  the  formation  of  ferric 
sulphocyanide — no  longer  disappears  on  stirring.  By  multiplying 
the  number  of  c.c.  of  the  ammonium  sulphocyanide  solution  used  by 
2  (the  number  of  c.c.  that  would  have  been  necessar}-  for  the  precip- 
itation of  the  excess  of  silver  in  100  c.c.)  and  deducting  the  result 
from  the  number  of  c.c.  of  the  one-tenth  normal  solution  of  silver 
nitrate  employed,  viz,  20,  the  number  of  c.c.  of  the  latter  solution  is 
found  which  was  necessary  to  precipitate  the  chlorine  in  10  c.c.  of  the 
gastric  juice.  As  1  c.c.  of  the  solution  represents  0.0036  gramme 
of  hydrochloric  acid,  it  is  only  necessary  to  multiply  this  figure  by 
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the  number  of  c.c.  used  in  the  precipitation  of  the  chlorine.     The 
resulting  value,  *'  T/'  expresses  the  total  amount  of  chlorine  present. 

As  a  general  rule,  it  is  not  necessary  to  decolorize  the  gastric 
juice.  If  desired,  however,  5  to  15  drops  of  a  5-per-oent.  solution 
of  potassium  permanganate  may  be  added  to  the  10  c.c.  employed, 
after  the  mixture  has  stood  for  ten  minutes. 

2.  Determination  of  the  amount  of  chlorine  in  combination  with 
inorganic  bases,  "  F.''  Ten  c.c.  of  the  filtered  gastric  juice  are  care- 
fully evaporated  to  dryness  in  a  platinum  crucible,  on  a  water-bath 
or  upon  a  plate  of  asbestos,  in  order  to  avoid  sputtering  (as  the  heat 
applied  in  the  process  of  incineration  is  not  very  intense,  a  porcelain 
<;rucible  may  also  be  employed).  The  residue  is  then  carefully  in- 
cinerated over  the  open  flame,  the  process  being  only  carried  to  the 
point  when  the  organic  ash  no  longer  burns  with  a  luminous  flame. 
Intense  heat  should  be  avoided,  as  the  chlorides  are  volatilized  upon 
the  application  of  red  heat.  On  cooling  the  ash  is  moistened  with  a 
few  drops  of  distilled  water  and  mixed  with  a  stirring-rod,  when  the' 
residue  is  extracted  in  separate  portions  with  100  c.c.  of  hot,  dis- 
tilled water  and  filtered.  This  amount  is  usually  sufficient  to  dis- 
solve all  the  chlorides  present.  If  any  doubt  should  exist,  however, 
it  is  only  necessary  to  add  a  drop  of  the  silver  solution  to  a  few  drops 
of  the  last  portion  of  the  filtrate  :  the  formation  of  a  cloud,  referable 
to  silver  chloride,  will  necessitate  still  further  washing.  The  whole 
filtrate  is  then  treated  >vith  10  c.c.  of  the  one-tenth  normal  solution 
of  silver  nitrate,  and  the  amount  consumed  in  the  precipitation  of 
the  chlorides  determined  by  titration  with  the  one-tenth  normal  so- 
lution of  ammonium  sulphocyanide,  as  described  al>ove.  The  hy- 
drochloric acid  present  in  combination  \vith  inorganic  bases  is  thus 
determined.  The  difference  betw^een  the  amount  of  hydrochloric 
acid  in  combination  with  inorganic  bases  and  the  total  amount  of 
chlorine  in  terms  of  hydrochloric  acid  will  then  indicate  the  amounts 
of  the  free  and  of  the  combined  hydrochloric  acid,  which  are  termed 
''  L  ''  and  ''  C,"  respectively  ;  hence  T  —  F  ==  L  -|-  C. 

ll.  The  total  acidity  in  terms  of  hydrochloric  acid  is  further  de- 
termined according  to  the  metliod  given  elsewhere  (see  p.  141)  and 
indicated  by  the  letter  "  A.''  The  difference  between  the  total  acid- 
itv  and  the  amount  of  free  and  combined  hvdrochloric  acid  wmII 
represent  the  amount  of  organic  acids  and  acid  salts,  "  C  ;  hence 
0  =  A~(L-|-C). 

The  free  hydrochloric  acid  finally  is  determined  according  to  the 
meth6d  of  Topfer.  The  difference  between  the  value  thus  found 
and  that  expressing  the  amount  of  free  and  combined  hydrochloric 
acid  will  indicate  the  amount  of  the  latter  ;  hence  (L  +  C)  —  L  =  C. 

Leo's  Method. — This  method  is  based  upon  the  observation  that 
calcium  carbonate  combines  with  free  and  combined  hydrochloric  acid 
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at  ordinar)"  temperatures  to  form  neutral  calcium  chloride,  while  the 
acid  phosphates  are  not  aflRected.  It  is  thus  clear  that  by  determin- 
ing the  total  acidity  of  the  gastric  juice,  and  deducting  from  this 
the  acidity  referable  to  acid  salts,  the  amount  of  the  physiologieally 
active  hydrochloric  acid — L  e.,  of  the  free  and  combined  hydrochloric 
acid — is  obtained. 

As  it  has  been  shown  that  in  the  presence  of  calcium  chloride 
(formed,  as  indicated  above,  upon  the  addition  of  calcium  carbonate), 
owing  to  the  formation  of  calcium  monophosphate — CaHPO^,  twice 
the  quantity  of  sodium  hydrate  is  taken  up  by  the  same  quantity  of 
diacid  salt,  it  is  necessary  to  titrate  after  the  addition  of  an  excess  of 
calcium  chloride. 

Reagents  required : 

1.  A  one-tenth  normal  solution  of  sodium  hydrate. 

2.  A  1-per-cent.  alcoholic  solution  of  phenolphthalein. 

3.  A  concentrated  solution  of  calcium  chloride. 

4.  Chemically  pure  calcium  carbonate.  The  purity  of  the  salt 
may  be  tested  by  stirring  a  small  piece  with  water ;  the  solution 
should  not  color  red  litmus-paper  blue.  A  solution  of  the  salt  in 
dilute  hydrochloric  acid  should  not  yield  a  precipitate  when  treated 
with  sulphuric  acid. 

Method  :  Organic  acids  that  may  be  present  are  first  removed  by 
shaking  with  ether,  oO  to  100  c.c.  being  required  for  every  10  c.c. 
of  gastric  juice.  The  total  acidity  of  the  gastric  juice  is  then  de- 
termined in  10  c.c.  of  the  filtered  liquid  after  the  addition  of  5  c.c. 
of  the  concentrated  solution  of  calcium  chloride,  the  result  being 
termed  "A." 

The  acidity  referable  to  the  presence  of  acid  phosphates  is  deter- 
mined as  follows :  15  c.c.  of  filtered  gastric  juice  are  treated  with  a 
pinch  of  dry  and  chemically  pure  calcium  carbonate ;  the  mixture  is 
thoroughly  stirred,  and  passed  at  once  through  a  dry  filter.  Ten 
c.c.  of  the  filtrate,  from  which  the  carbon  dioxide  formed  is  expelled 
by  means  of  a  current  of  air,  are  then  treated  with  5  c.c.  of  the 
calcium  chloride  solution  and  titrated  as  above,  the  resulting  value 
being  termed  "  P."  A  —  P  is  hence  equivalent  to  L  +  C.  The 
value  of  "  C  "  can  then  be  ascei'tained  by  determining  the  acidity 
referable  to  free  hydrochloric  acid  according  to  Topfer's  method,  and 
deducting  the  value  found  from  L  +  C. 

This  method  is  sufficiently  accurate  for  practical  purposes,  and  has 
the  advantage  of  not  requiring  the  expenditure  of  much  time. 

The  Ferments  of  the  Gastric  Juice  and  their  Zjrmogens. 

Pepsin  and  Pepsinogen. — According  to  our  present  view,  the 
zymogen  of  pepsin,  viz,  pepsinogen  or  propepsin,  and  not  pepsin  it- 
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self,  is  secreted  by  the  chief  cells  of  the  fundus  glands.  This  is  based 
upon  the  observation  that  an  aqueous  extract  of  the  mucous  mem- 
brane of  the  stomach  of  a  fasting  animal,  recently  killed,  does  not 
loose  its  digesting  power,  for  a  considerable  length  of  time,  when 
treated  with  a  1-per-cent.  solution  of  sodium  carbonate,  at  a  tempera- 
ture of  from  38°  to  40°  C,  whereas  pepsin  itself  is  thus  rapidly  de- 
stroyed. It  is  natural  then  to  conclude  that  the  glands  of  the 
stomach  do  not  contain  pepsin,  but  some  other  substance  during  the 
process  of  fasting,  which  is  capable  of  resisting  the  action  of  sodium 
carbonate,  and  which  can  be  transformed  into  pepsin  by  the  addition 
of  hydrochloric  acid.  This  substance  has  been  termed  pepsinogen  or 
propepsin.  As  a  rule,  pepsin  is  only  obtained  from  the  mucous 
membrane  of  the  digesting  organ,  while  at  other  times  the  physio- 
logically inactive  zymogen  is  found.  As  the  zymogen,  moreover,  is 
probably  always  present  together  with  pepsin  in  the  gastric  juice 
obtained  from  healthy  individuals  during  the  process  of  digestion,  it 
is  not  clear  whether  the  transformation  of  the  zymogen  into  its  fer- 
ment takes  place  in  the  body  of  the  cell  or  after  secretion.  There  is 
evidence  to  show,  however,  that  the  latter  view  is  correct. 

This  is  not  the  place  to  enter  into  a  detailed  consideration  of  the 
various  properties  of  pepsin,  and  it  will  suffice  to  say  that  the  activity 
of  the  ferment  is  destroyed  by  even  very  dilute  solutions  of  the 
alkaline  carbonates.  The  same  result  is  reached  by  exposing  a  watery 
solution  of  pepsin  to  a  temperature  of  70°  C,  while  in  its  dry  state 
a  temperature  of  100°  C.  will  not  destroy  its  activity  ;  this  is  shown 
by  the  fact  that  a  specimen  of  pepsin  thus  treated  is,  on  cooling,  still 
capable  of  digesting  albumins  in  the  presence  of  hydrochloric  acid. 

While  pepsin  is  capable  of  digesting  albumins  in  the  presence  of 
other  acids,  viz,  phosphoric,  sulphuric,  oxalic,  acetic,  lactic,  and 
salicylic  acid,  the  solutions  must  be  stronger  than  in  the  case  of 
hydrochloric  acid.  With  lactic  acid,  for  example,  a  satisfactory 
result  is  only  reached  with  a  concentration  of  from  12  to  18  p.  m., 
while  of  hydrochloric  acid  2  to  4  p.  m.  are  sufficient.  Larger  or 
smaller  amounts  do  not  act  so  promptly. 

Very  important  from  a  practical  standpoint  is  the  fact  that  but 
:small  quantities  of  pepsin  are  required  to  digest  large  amounts  of 
albumin.  Petit  thus  claims  that  a  pepsin  preparation  from  his  own 
laboratory  was  capable  of  dissolving  500,000  times  its  weight  of 
fibrin  in  seven  hours.  This  proi>erty  on  the  part  of  pepsin  of  doing 
an  amount  of  work  that  is  entirely  out  of  proportion  to  the  amount 
of  ferment  present,  is  common  to  all  ferments,  and  is  dependent  upon 
the  fact  that  the  ferment  itself  undergoes  no  change  during  the 
process. 

Exact  figures,  expressing  the  quantity  of  pepsin  or  of  its  zymogen 
produced  in  the  twenty-four  hours  are  lacking,  and  inferences  can 
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hence  only  be  drawn  as  to  the  physiologic  activity  of  the  ferment 
from  the  rapidity  with  which  given  amounts  of  albuminous  material 
are  digested.  This,  however,  depends  to  a  large  extent  upon  the 
nature  and  the  concentration  of  the  free  acid  present.  Under  normal  . 
conditions  25  c.c.  of  gastric  juice  will  dissolve  0.05  to  0.06  gramme 
of  serum-albumin  in  one  hour,  the  same  amount  of  coagulated  egg- 
albumin  in  three  hours,  and  a  like  amount  of  fibrin  in  one  hour  and 
a  half. 

As  abnormalities  in  the  circulation  and  innervation  of  the  stomach 
apparently  do  not  influence  the  production  of  pepsin,  or  rather  of  its 
zymogen,  a  diminution  in  the  degree  of  peptic  activity,  or  its  total 
absence,  may  be  referred  directly  to  disease  of  the  stomach  itself, 
viz,  its  glandular  apparatus.  The  determination  of  the  presence  or 
absence  and  relative  amount  of  pepsin  in  the  gastric  juice,  hence, 
furnishes  more  useful  information  than  the  recognition  of  the  pres- 
ence or  absence  of  free  hydrochloric  acid. 

As  pepsin  is  formed  from  pepsinogen  through  the  agency  of  a 
free  acid,  notably  of  hydrochloric  acid,  its  presence,  in  the  absence 
of  organic  acids,  in  notable  quantities,  at  once  indicates  the  presence 
of  hydrochloric  acid.  It  may  be  said,  vice  versa,  that  if  free  hydro- 
chloric acid  is  present  in  the  gastric  juice,  and  the  latter  digests  albu- 
mins, pepsin  also  will  be  found.  Should  the  zymogen  alone  be 
present  digestion  will  only  take  place  upon  the  addition  of  an  acid, 
while  an  entire  absence  of  digestion  upon  the  addition  of  hydro- 
chloric acid  indicates  the  absence  of  both  pepsin  and  its  zymogen. 
At  times,  though  rarely,  a  "  gastric  juice  ''  is  met  with,  which  is 
capable  of  digesting  albumin  in  the  absence  of  hydrochloric  acid, 
owing  to  the  presence  of  pancreatic  juice — a  point  which  is  im- 
portant, both  from  a  diagnostic  and  a  prognostic  point  of  view. 

In  the  differential  diagnosis  of  a  chronic  gastritis  and  a  neurosis, 
or  a  dyspeptic  condition  referable  to  hyperemia  of  the  gastric  mu- 
cous membrane,  the  demonstration  of  the  presence  of  the  zymogen 
in  the  absence  of  hydrochloric  acid  may,  at  times,  be  very  impor- 
tant, bearing  in  mind  the  fact  that  circulatory  and  nervous  disturb- 
ances apparently  do  not  influence  the  production  of  pepsinogen. 
An  entire  absence  of  the  latter  would,  of  course,  warrant  the  diag- 
nosis of  complete  anadeny  of  the  stomach. 
Tests  for  Pepsin  and  Pepsinogen. — Test  for  the  enzyme  .•  If  the 

presence  of  free  hydrochloric  acid  has  been  previously  ascertained, 
25  c.c.  of  filtered  gastric  juice  are  set  aside  and  kept  at  a  tempera- 
ture of  from  37°  to  40°  C.,  a  bit  of  coagulated  egg-alburain,  fibrin, 
or  serum-albumin  being  added.  In  order  to  permit  of  a  comparison 
of  results  the  same  amounts  should  always  be  taken  ;  0.05  to  0.06 
gramme  of  egg-albumin,  as  has  been  shown,  ought,  under  physio- 
logic conditions,  to  be  digested  in  three  hours. 


160  THE  GASTRIC  JUICE  AND  GASTRIC  CONTENTS. 

Teat  for  the  Zymogen. — Should  hydiXKjhloric  acid  be  absent  the  test 
is  made  in  the  same  manner,  after  the  addition  of  from  3  to  5  drops 
of  the  officinal  solution  of  hydrochloric  acid  to  25  c.c.  of  the  filtrate. 
Under  such  conditions  pepsinogen  alone  is  usually  found. 

Quantitative  Estimation. — Of  pepsin  :  Accurate  methods  for 
the  quantitative  estimation  of  pepsin  do  not  exist,  and  relative 
values  only  can  be  obtained.  Most  convenient  is  the  method  sug- 
gested by  Hammerschlag  :  Three  Esbach's  tubes  (albuminimeters) 
are  employed.  Tube  A  is  filled  to  the  mark  U  with  a  mixture  of 
10  c.c.  of  a  1-per-cent.  solution  of  serum-albumin  in  0.4  per  cent, 
of  hydrochloric  acid,  and  5  c.c.  of  filtered  gastric  juice.  The  second 
tube,  B,  which  is  the  standard,  is  likewise  filled  to  the  mark  U,  but 
0.5  gramme  of  pepsin  is  added  to  the  serum  solution,  instead  of  the 
gastric  juice.  The  third  tube,  C,  merely  contains  a  mixture  of  the 
serum  solution  and  5  c.c.  of  water.  After  having  been  kept  in  the 
thermostat  for  one  hour,  at  a  temperature  of  37°  C,  Esbach's 
reagent  is  added  to  each  tube  to  the  mark  R.  After  standing  for 
twenty-four  hours  the  amount  of  precipitated  albumin  is  read  otf, 
and  the  difference  between  that  in  A  and  C  compared  with  that  in  B. 

Of  Pepsinogen  :  In  order  to  estimate  the  amount  of  pepsinogen 
the  method  of  Boas  may  be  employed.  To  this  end  the  gastric  juice 
is  diluted  with  distilled  water  in  varying  proportions,  such  as  1  :5, 
1  :  10, 1  :  20,  etc.  A  known  quantity  of  coagulated  albumin  is  added 
to  each  specimen,  as  also  one  or  two  drops  of  an  officinal  solution  of 
hydrochloric  acid,  for  every  10  c.c.  employed.  These  tubes  are  kept 
at  a  temperature  of  from  87°  to  40°  C,  when  the  degree  of  dilution 
is  noted  at  which  the  bit  of  egg-albumin  is  just  dissolved.  The 
greater  the  degree  of  dilution  at  which  digestion  still  takes  place,  the 
greater  the  amount  of  })epsin  or  of  its  zymogen  present. 

If  it  is  desired  <o  definitely  exclude  the  presence  of  pepsin  and 
pepsinogen  in  the  stomach,  the  method  of  Jaworski  should  be  em- 
ployed. To  this  end  about  200  c.c.  of  a  decinormal  solution  of  hy- 
drochloric acid  are  poured  into  the  stomach  through  a  tube  and  as- 
pirated after  one-half  hour.  If  the  fluid  removed  contains  no 
pepsin,  the  absence  of  both  the  enzyme  and  its  zymogen  may  be  in- 
ferred. 

The  Blilk-curdling  Ferment  and  its  Zjrmogen,  viz,  Chjonosin 
and  Chjonosinogen. — A  great  deal  of  what  has  been  said  above 
regarding  pepsin  and  its  zymogen  also  holds  goo<l  for  chymosin  and 
its  proenzyme.  The  proenzyme  thus  also  api)ears  to  be  formed  by 
the  cell,  as  a  neutral  a(|ueous  extract  of  the  mucous  membrane  of  the 
stomach  does  not,  as  a  rule,  contain  the  ferment,  but  the  zymogen, 
the  ferment  only  resulting  when  the  latter  is  treated  with  a  free  acid. 
It  differs  from  pepsin  in  that  it  can  exert  its  physiologic  activity  in 
feebly  acid,  neutral,  and  even  feebly  alkaline  solutions.     Exposure 
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of  an  active  solution  of  chymosin,  containing  3  p.  m.  of  free  hydro- 
chloric acid,  moreover,  to  a  tem|>erature  of  from  37°  to  40°  C, 
leads  to  its  destruction,  while  pepsin  is  not  affected  under  the  same 
conditions. 

Its  specific  action  is  exerted  upon  milk,  or  lime-containing  solu- 
tions of  casein,  which  are  coagulated  in  neutral  or  feebly  alkaline  so- 
lutions. 

In  this  connection  it  is  important  to  note  that  the  addition  of  a  few 
C.C.  of  a  solution  of  calcium  chloride,  or  any  other  soluble  lime  salt, 
results  in  a  transformation  of  the  zymogen  into  the  physiologically 
active  ferment,  and  that  hydrochloric  acid,  while  it  normally  causes 
such  transformation,  is  not  absolutely  necessary  in  the  presence  of 
calcium  chloride. 

Under  physiologic  conditions  chymosin  and  its  zymogen  are 
always  present  in  the  gastric  juice.  In  disease  the  inferences  that 
may  be  drawn  from  a  quantitative  estimation  of  the  ferment  and  its 
zymogen  have  been  well  formulated  by  Boas,  to  whom  we  are  espe- 
cially indebted  for  a  great  deal  of  valuable  information  in  this  con- 
nection : 

1.  Notwithstanding  the  absence  of  free  hydrochloric  acid,  chymosin 
may  be  present,  although  in  minimal  traces,  i,  e.,  demonstrable  with 
a  dilution  of  from  1  :  10  to  1  :  20  (see  method  on  p.  162). 

2.  In  the  absence  of  free  hydrochloric  acid  the  zymogen  may  still 
be  present  in  normal  amounts,  /.  «.,  demonstrable  with  a  dilution  of 
from  1  :  100  to  1  :  150.  The  presence  of  the  zymogen,  especially 
when  repeatedly  observed,  permits  of  the  conclusion  with  a  high 
degree  of  probability,  and  even  with  absolute  certainty,  that  we  are 
not  dealing  with  an  organic  disease  of  the  stomach,  but  with  a 
neurosis,  or  a  hypersemic  condition  of  the  mucous  membrane,  refer- 
able to  disease  of  other  organs. 

3.  The  zymogen  may  occur  in  moderately  diminished  amount,  50 
per  cent,  only  being  present.  This  is  usually  owing  to  the  existence 
of  a  gastritis,  which  has  not  as  yet  reached  its  highest  degree  of 
severity.  The  nearer  the  amount  of  zymogen  approaches  the  nor- 
mal, the  greater  will  be  the  probability  of  an  ultimate  recovery  under 
suitable  treatment. 

4.  The  amount  of  the  zymogen  is  greatly  diminished  (dilutions  of 
1  :  10  to  1  :  25  yielding  a  negative  result),  or  may  be  absent  alto- 
gether. In  cases  of  this  kind  a  severe  and  usually  incurable  gas- 
tritis exists,  either  primary  or  occurring  secondarily  to  carcinoma, 
amyloid  d^eneration,  etc. 

5.  In  1,  2,  and  3  the  reestablishment  of  the  secretion  of  hydro- 
chloric acid  may  be  attempted  with  some  prospect  of  success  by 
means  of  stimulating  remedies. 

These  conclusions  are  based  upon  the  employment  of  Ewald's  test- 
11 
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breakfast,  and  cannot  be  applied  to  observations  made  after  other 
test-meals,  without  previous  studies  in  this  direction. 

Testing  for  the  presence  of  chymosin  and  its  zymogen,  moreover, 
is  of  decided  value  in  cases  in  which  alkaline  material  is  vomited, 
and  where  we  may  be  called  upon  to  decide  whether  this  contains 
constituents  of  the  gastric  juice  or  not. 

Tests  for  Chjrmosin  and  Chjnnosinogen. — Test  far  the  enzyme: 
Five  to  ten  c.c.  of  milk  are  treated  with  from  three  to  five  drops  of 
the  filtered  gastric  juice  and  kept  at  a  temperature  of  from  37°  to 
40°  C.  for  ten  to  fifteen  minutes.  If  coagulation  occurs  during  this 
time,  it  may  be  definitely  concluded  that  the  enzyme  is  present. 

Test  far  the  zymogen  .-10  c.c.  of  filtered  and  feebly  alkaline  gastric 
juice  are  treated  with  2  or  3  c.c.  of  a  1-per-cent.  solution  of  calcium 
chloride,  and  kept  at  a  temperature  of  from  37°  to  40°  C,  when  in 
the  presence  of  the  zymogen  the  formation  of  a  thick  cake  of  casein 
will  be  observed  to  occur  within  a  few  minutes. 

Quantitatiye  Estimation. — Of  the  Enzyme  :  This  is  based  upon 
the  fact  that  upon  gradually  diluting  a  specimen  of  gastric  juice  a 
point  is  finally  reached  at  which  a  chymosin  reaction  can  no  longer 
be  obtained,  the  value  being,  of  course,  a  relative  one.  Under  phys- 
iologic conditions  a  positive  reaction  can  still  be  observed  with  a 
degree  of  dilution,  varying  between  1  :  30  and  1  :  40. 

The  gastric  juice  is  neutralized  with  a  very  dilute  solution  of 
sodium  hydrate.  Tubes  are  then  prepared  containing  from  5  to  10 
c.c.  of  the  gastric  juice,  variously  diluted  in  the  proportion  of  1  :  10, 
1  :  20,  1  :  30,  etc.,  to  which  an  equal  amount  of  neutral  or  amphoteric 
milk  is  added.  The  tubes,  properly  labelled,  are  kept  at  a  tempera- 
ture of  from  37°  to  40°  C,  when  the  degree  of  dilution  is  noted  at 
which  coagulation  still  occurs. 

Of  thp:  Zymogp:n. — The  gastric  juice  is  rendered  feebly  alka- 
line and  tubes  are  prepared  containing  equal  amounts  of  milk  and 
gastric  juice,  the  latter  variously  diluted,  as  above  directed ;  the  ex- 
amination is  then  carried  on  in  the  same  manner.  Normally  a  pos- 
itive reaction  is  obtained  with  a  dilution  varying  between  1  :  100  and 
1  :150.  Allowance  must,  of  course,  be  made  for  the  amount  of 
fluid  which  is  added  during  the  process  of  neutralization. 

The  Products  of  Gastric  Digestion. 

The  Digestion  of  Native  Albumins. — ^The  first  step  in  the  proc- 
ess of  albuminous  digestion,  in  the  stomach,  is  one  of  swelling, 
which  may  be  observed  when  a  flake  of  fibrin,  for  example,  is  placed 
in  gastric  juice,  and  the  temperature  maintained  between  37°  and 
40°  C.  Very  soon  simple  dissolution  takes  place,  which  is  followed 
by  the  process  of  "  denaturization,"  as   Neumeister   terms  it,  in 
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which  the  native  albumins  are  transformed  into  acid  albumins  or 
syutonins,  owing  to  the  continued  activity  of  the  hydrochloric  acid 
and  pepsin.  The  pepsin,  however,  only  acts  as  an  adjuvant  to  the 
acid,  and  hydrochloric  acid  alone  is  capable  of  effecting  the  same 
result.  While  in  the  absence  of  pepsin  more  concentrated  solutions 
of  the  acid  and  a  higher  temperature  are  required,  the  temperature 
of  the  body  and  the  amount  of  hydrochloric  acid  secreted  by  the 
stomach  are  sufficient  when  pepsin  is  present.  Pepsin,  in  the  ab- 
sence of  free  hydrochloric  acid,  is  perfectly  inert. 

The  "denaturization'' of  the  native  albumins  is  followed  by  a 
splitting  up  of  the  albuminous  molecule  and  a  process  of  hydration, 
the  so-called  primary  albumoses,  of  which  there  are  two,  viz,  proto- 
albumose  and  heteroalbumose,  being  the  first  products  thus  formed. 

Dysalbumose,  it  may  be  stated  in  passing,  is  merely  a  modified 
form  of  heteroalbumose,  which  results  when  this  is  dried  or  kept 
under  water  for  some  time. 

During  the  further  process  of  digestion  a  deuteroalbumose  results 
from  each  of  the  primary  albumoses,  and  from  these  finally  peptones, 
to  which,  in  contradistinction  to  the  peptones  formed  during  the 
process  of  pancreatic  digestion,  the  term  amphopeptone  has  been  ap- 
plied by  Kiihne.^ 

The  relation  existing  between  the  various  products  of  gastric 
digestion  may  be  seen  from  the  following  table  (taken  from  Neu- 
raeister) : 

Native  albumin. 


Protoalburoose.  Heteroalbumose  (djsalbumose). 

I 


Deuteroalbumose.  Deuteroalbumose. 

Peptone  (amphopeptone).  Peptone  (amphopeptone). 

The  transformation  of  native  albumins  into  peptones,  as  described, 
was  first  worked  out  for  fibrin,  but  was  subsequently  shown  to  hold 
good  for  all  native  albumins,  of  both  vegetable  and  animal  origin. 
Chittenden  proposes  the  generic  term  "  proteoses  '^  for  these  various 
products  of  digestion,  in  contradistinction  to  those  resulting  from 
albuminoids.  Vitellin  thus  first  yields  two  primary  vitelloses,  viz, 
a  proto-  and  a  heterovitellose,  which  are  transformed  into  deutero- 
vitelloses  and  finally  into  peptones.     The  albumoses  of  fibrin  are 

*Becent  research  seems  to  show  that  still  other  albumoses  are  formed  during  the 
process  of  digestion,  and  that  the  an/i-portion  of  the  amphopeptone,  at  least,  can  no 
longer  be  regarded  as  a  unity.  It  is  apparently  a  mixture  of  several  diflerent  sub- 
stances, and  consi»ts  to  a  not  inconsiderable  degree  of  hexon  bases,  viz,  arginin, 
Ijsin,  and  histidin. 
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similarly  termed  fibrinoses ;  those  of  the  globulins,  globulinoses ; 
and  those  of  myosin,  myosinoses. 

The  digestion  of  casein,  which  belongs  to  the  class  of  nucleoalbu- 
mins,  differs  from  the  process  described.  The  casein  of  the  milk  is 
present  in  solution  as  a  neutral  calcium  salt,  and  as  it  has  the  charac- 
ter of  a  polybasic  acid,  calcium  chloride,  and  the  corresponding  acid 
casein  salt  will  result  in  the  presence  of  the  hydrochloric  acid  of  the 
stomach  ;  still  later,  when  more  hydrochloric  acid  has  been  secreted, 
insoluble  casein,  as  such,  will  be  found.  While  the  acid  is  thus 
capable  of  causing  the  precipitation  of  casein,  it  has  also  been  shown 
that  the  same  result  may  be  reached  in  the  absence  of  hydrochloric 
acid.  According  to  Hammarsten,  this  is  brought  about  in  conse- 
quence of  the  hydrolytic  action  on  the  part  of  the  chymosin,  the  cal- 
cium salt  of  paracasein  (cheese)  and  a  small  amount  of  an  albumose-like 
posset-albumin  being  formed.  This  latter  process  is  now  supposed 
to  take  place  in  the  stomach  after  the  hydrochloric  acid  has  previ- 
ously transformed  the  neutral  into  the  acid  casein  salt.  When  this 
stage  is  reached  the  paracasein  is  split  up  into  an  albumin  and  an 
insoluble  nuclein.  The  albumin  is  then  further  digested  as  described, 
two  primary  caseoses  first  resulting,  which  are  then  transformed 
into  deutero-caseoses,  and  these  finally  into  peptones. 

The  remaining  proteids,  such  as  hsemoglobin,  glucosides,  etc.,  are 
similarly  acted  upon  by  the  gastric  juice,  being  first  split  up  into 
the  corresponding  albumins  and  their  pairlings.  Haemoglobin  is  thus 
broken  down  into  heematin  and  an  albumin,  which  latter  undergoes 
the  same  process  of  digestion,  as  is  seen  in  the  case  of  the  native 
albumins. 

The  Digestion  of  the  Albuminoids. — Of  the  albuminoid  bodies 
only  collagen  and  elastin  undergo  digestion  in  the  stomach,  gelatoses 
and  elastoses  being  formed  during  the  process,  while  keratin  passes 
off  undigested.  Heteroproteoses,  however,  are  formeil  from  neither 
collagen  nor  elastin,  but  merely  protoproteoses,  which  in  turn  are 
transformed  into  deuteroproteoses,  of  which  there  is  only  one  kind, 
viz,  that  corresponding  to  the  protoproteose,  peptone  finally  resulting. 

The  Digestion  of  Carbohydrates. — The  secretion  of  the  stomach 
itself  is  not  capable  of  digesting  carbohydrates.  There  appears  to 
be  no  doubt,  however,  that  a  transformation  of  starches  into  sugar 
takes  place  during  the  earlier  stages  of  digestion.  This  is  owing  to 
the  continued  action  of  the  pytalin  of  the  saliva  (see  p.  123)  in  the 
stomach,  which  goes  on  until  the  amount  of  hydrochloric  acid  se- 
creted roaches  0.01  or  more  per  cent.,  it  being  remembered  that  the 
transformation  of  starches  into  sugar  goes  on  best  in  a  neutral  or 
feebly  alkaline  medium. 

The  question  whether  or  not  a  diastatic  ferment  occurs  in  the 
mucus  secreted  by  the  stomach  itself  is  unimportant,  as  cases  have 
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but  rarely  been  observed  in  which  there  was  an  absence  of  ptyalin 
from  the  saliva. 

As  indicated  in  the  chapter  on  Saliva,  a  large  number  of  inter- 
mediary products  are  formed  in  the  transformation  of  starch  into 
sugar,  of  which  an  idea  may  be  had  from  the  accompanying  table : 

Starch. 

I 
Amidulin. 

I 

I 1 

Erythrodeztrin.  Maltose. 

I       .  I 

Achroodeztrin  a  Maltose. 

I  .  I 

Achroodeztrin  ^  Maltose. 

I  .  .  I 

Achroodextrin  y  (maltodeztrin).  Maltose. 

I  I 

Maltoee.  Maltose. 

In  the  mouth  this  transformation  is  very  rapidly  effected  in  the 
case  of  certain  starches,  such  as  corn-starch  and  rye-starch,  and  it  is 
possible  to  demonstrate  the  presence  of  sugar  after  from  two  to  six 
minutes.  Potato-starch,  on  the  other  hand,  requires  a  much  longer 
time,  viz,  from  two  to  four  hours.  This  difference  is  entirely  de- 
pendent upon  the  varying  degree  of  resistance  offered  to  the  action 
of  the  saliva  by  the  enclosing  envelope  of  cellulose,  as  is  apparent 
from  the  fact  that  a  paste  made  from  potatoes  is  just  as  rapidly  di- 
gested as  one  made  from  rye. 

For  practical  purposes,  the  digestion  of  carbohydrates  in  the 
.stomach  may  be  disregarded  as  insignificant. 

Fats  are  not  digested  at  all  in  the  stomach. 

From  the  above  considerations  it  is  apparent  that  under  physio- 
logic conditions  a  mixture  of  these  various  products  is  met  with  in 
the  stomach  at  the  height  of  digestion,  and  it  might  be  expected  that 
from  a  preponderance  of  the  one  over  the  other  definite  and  valuable 
conclusions  as  to  the  digestive  power  of  the  organ  could  be  reached. 
While  this  is  true  in  a  certain  sense,  the  quantitative  methods  of 
analysis  that  would  have  to  be  employed  in  order  to  obtain  definite 
data  are  as  yet  too  complicated  for  the  purposes  of  the  clinician,  and 
from  the  simple  qualitative  tests  not  much  information  can  be  de- 
rived. The  recognition  of  the  presence  of  peptones  would  thus 
merely  indicate  the  presence  of  hydrochloric  acid  and  pepsin  in  a 
general  way,  as  i:)eptones  may  be  formed  in  the  absence  of  hydro- 
chloric acid  and  in  the  presence  of  organic  acids,  wliich  may  be  found 
in  pathologic  conditions.  A  portion  of  the  albumin  of  milk,  eggs, 
meat,  etc.,  is,  moreover,  already  peptonized  during  the  process  of 
boiling.  It  is  not  surprising  then  that  peptones  may  be  demonstrated 
in  practically  every  specimen  of  gastric  contents. 
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A  large  amount  of  syntonin  and  primary  albumoses  in  the  presence 
of  a  feeble  peptone-reaction  must,  of  course,  be  regarded  as  abnormal, 
pointing  to  a  defective  secretion  of  either  hydrochloric  acid  or  the 
enzymes,  or  of  both.  The  same  may  be  said  to  hold  good  when  a 
pronounced  peptone-reaction  disappears  upon  the  removal  of  syntonin 
and  the  primary  albumoses. 

So  far  as  the  examination  for  the  products  of  carbohydrate  diges- 
tion is  concerned,  it  may  be  stated,  as  a  general  rule,  that  in  the 
presence  of  a  normal-amount  of  hydrochloric  acid  erythrodextrin  can 
usually  be  demonstrated  toward  the  end  of  gastric  digestion,  while 
achro5dextrin  is  almost  always  obtained  at  that  time  when  free  hydro- 
chloric acid  is  absent,  so  that  the  tests  for  the  presence  of  these  two 
bodies  may  be  regarded  as  roughly  indicating  the  presence  or  absence 
of  free  hydrochloric  acid.  Boas  draws  attention  to  the  fact,  however, 
that  ptyalin  may,  at  times,  though  rarely,  be  absent,  when  conclusions 
drawn  from  these  tests  as  to  the  presence  of  hydrochloric  acid  would 
be  erroneous. 

The  tests  for  sugar  in  the  gastric  juice  do  not  furnish  any  infor- 
mation that  is  of  practical  value. 

Analysis  of  the  Products  of  Albuminous  Digestion. 

In  order  to  separate  the  various  bodies  referred  to  from  each  other 
the  following  procedure  may  be  employed  : 

The  filtered  gastric  contents  are  carefully  neutralizeil  with  a  dilute 
solution  of  sodium  hydrate,  using  litmus-paper  to  determine  the  re- 
action ;  a  small  drop  of  the  mixture  is  placed  upon  the  paper  from 
time  to  time  during  the  addition  of  the  sodium  hydrate  until  no 
change  in  color  is  produced  either  on  the  red  or  the  blue  paper.  If 
syntonin  is  present,  it  will  be  precipitated,  and  can  be  collected  on  a 
small  filter.  Upon  the  addition  of  an  excess  of  dilute  acid  or  an 
alkali  this  precipitate  will  again  be  dissolved.  The  filtrate  is  feebly 
acidified  by  the  addition  of  a  few  drops  of  a  very  dilute  solution  of 
acetic  acid,  treated  with  an  equal  volume  of  saturated  solution  of 
common  salt,  and  brought  to  the  boiling-point.  Any  native  albumin 
that  may  be  present  in  solution  is  thus  coagulated  and  can  be  filtered 
off  on  cooling.  In  the  filtrate  the  albumoses  and  peptones  remain. 
The  presence  of  the  former  may  be  demonstrated  by  adding  a  few- 
drops  of  nitric  acid  to  a  specimen,  when  a  precipitate  will  form  which 
dissolves  upon  the  application  of  heat,  and  reapi>ears  on  cooling  ; 
if  necessary,  the  s])ecimen  may  be  diluted. 

Should  the  deuteroalbumoses  of  vitellin  or  myosin  be  present, 
however,  this  test  yields  a  negative  result,  and  a  precipitate  only  oc- 
curs w^hen  the  solution,  acidified  with  nitric  or  acetic  acid,  is  com- 
pletely saturated  with  sodium  chloride. 
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The  presence  of  primary  albumoses  may  be  established  by  adding 
pieces  of  rock-salt  to  the  neutral  solution,  when  a  precipitate  occurs. 
The  albumoses  may  be  roughly  separated  from  the  peptones  by  satu- 
rating the  acidified  filtrate  just  obtained  with  pulverized  ammonium 
sulphate,  whereby  the  albumoses  are  almost  entirely  precipitated. 
A  small  portion  of  deuteroalbumoses,  however,  which  resulted  from 
the  protoalbumoses,  remains  in  solution  and  passes  into  the  filtrate, 
which  also  contains  all  of  the  amphopeptone.  In  the  filtrate  this 
may  be  demonstrated  as  follows  :  A  concentrated  solution  of  sodium 
hydrate  is  added  until  all  the  ammonium  sulphate  has  been  trans- 
formed into  sodium  sulphate,  and  a  slight  excess  of  the  hydrate  is 
present ;  care  should  be  had,  however,  that  the  temperature  does  not 
rise  too  high,  by  immersion  in  cold  water.  The  sodium  sulphate, 
which  separates  out  during  this  process,  is  allowed  to  settle.  A  2- 
per-cent.  solution  of  sulphate  of  copi>er  is  then  carefully  added  drop 
by  drop,  to  a  specimen  of  the  supernatant  fluid,  when  in  the  presence 
of  peptones  a  rose  to  a  purplish-red  color  will  develop. 

To  obtain  the  peptones,  the  filtrate  is  diluted  with  an  equal  volume 
of  water,  neutralizefl,  and  then  treated  with  a  solution  of  tannic  acid, 
care  being  taken  to  avoid  an  excess,  as  the  peptone-precipitate  is 
otherwise  partly  dissolved. 

From  the  following  table  an  idea  may  be  formed  of  the  reactions 
of  these  various  bodies  : 

Reaction  of  the  Individual  Proteids. 


Globulin. 


Soluble  in 


Inaolable  in 


Precipitated  bj 


Biuret  reaction 


Dilute  solutions  of 
sodium  chloride 
and  of  niR^ne- 
siuni  sulphate. 

Water. 


Much  water,  heat- 
ing to  75°C., satu- 
ration with  mag- 
nesium sulphate 
from  its  solutions 
in  neutral  salts. 


Violet 


Syntonin. 


Ilemialbumose. 


Peptone. 


Dilute   acids 
alkalies. 


and 


Water,  acids,  alka- 
lies, and  salts. 


Water,  acids,  acids 
-f  Halts,  alkalies. 


Water  and  neutral 
salt  solutions. 

Neutralization  of 
its  solutions  in 
dilute  acids,  by- 
means  of  sodium 
chloride  or  heat- 
ing to  75°  C.  from 
acid  solutions. 

Violet. 


Acetic  acid  +  sodi- 
um chloride,  con- 
centrated nitric 
acid,  acetic  acid, 
and  potassium 
ferro-cyanidc  in 
the  colli. 

Itosc  to  purple. 


Bichloride  of  mer- 
cury, tannic  acid, 
iodo-m  ere  uric  io- 
(iideofi)otassium, 
phospho-tungstic 
and  ^ihospluvnio- 
lybdic  acids. 

Rose  to  purple. 


Tests  for  the  Products  of  Carbohydrate  Digestion. 

Starch  may  be  recognized  by  the  fact  that  it  strikes  a  blue  color 
with  a  solution  of  iodo-potassic  iodide,  while  the  same  solution  gives 
a  violet  or  mahogany-brown  with  erythrodextrin.  To  this  end  it 
is  only  necessary  to  add  a  drop  or  two  of  Lugol's  solution  to  a  few 
C.C.  of  the  filtered  gastric  juice.     The  presence  of  achroiklextrin  may 
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be  inferred  if  no  change  in  color  occurs  upon  the  addition  of  the 
reagent. 

Maltose  and  dextrose,  which  lx)th  react  with  Fehling's  solution 
and  undergo  fermentation,  differ  from  each  other  by  the  fact  that 
the  former  does  not  reduce  BarfoeiVs  reagent.  This  is  prepared  by 
adding  a  1-per-cent.  solution  of  acetic  acid  to  an  0.5-  to  4-per-cent. 
solution  of  acetate  of  copper.  Uix)n  boiling  a  few  c.c.  of  this  solu- 
tion, and  adding  a  small  amount  of  filtered  gastric  contents,  red 
cuprous  oxide  will  be  precipitated  in  the  presence  of  maltose. 

Lactic  Acid. 

Mode  of  Formation  and  Clinical  Significance. — It  was  formerly 
thought  that  the  acidity  of  the  gastric  juice  was  referable  to  the  presence 
of  lactic  acid,  as  this  can  always  be  demonstrated  in  the  beginning  of 
the  process  of  digestion.  The  hydrochloric  acid  was  thought  to  re- 
sult from  an  action  of  the  lactic  acid  uiK)n  the  chlorides  of  the  food. 
That  this  view  was  erroneous  C.  Schmidt  succeeded  in  demonstrating 
beyond  a  doubt,  as  has  been  shown  on  p.  139.  An  explanation  of  the 
presence  of  lactic  acid  suggested  itself  when  Miller  found  that  nor- 
mally various  bacteria  occur  in  the  mouth  which  are  capable  of 
forming  lactic  acid  from  sugar,  and  that  a  number  of  bacteria  can  be 
isolated  from  the  gastric  contents,  which  are  capable  of  causing  an 
acid  fermentation  in  sugar-containing  media. 

There  would,  hence,  be  nothing  surprising  in  the  constant  occur- 
rence of  lactic  acid,  as  the  two  principal  factors  necessary  for  its 
formation  are  always  present  after  the  ingestion  of  an  ordinary  meal, 
viz,  carbohydrates  and  bacteria  capable  of  causing  lactic-acid  fer- 
mentation. The  absence  of  the  lactic  acid  during  the  later  stages  of 
digestion  was,  furthermore,  explained  by  the  fact  that  lactic-acid  fer- 
mentation ceases  in  the  presence  of  from  0.7  to  1.6  pro  mille  of  hydro- 
chloric acid;  /.  <?.,  in  the  presence  of  amounts  of  hydrochloric  acid  which 
are  found  in  the  normal  gastric  juice.  The  occurrence  of  lactic-acid 
fermentation  in  the  stomach  was,  until  quite  recently,  therefore,  re- 
garded as  an  established  fact.  At  this  stage  Martins  and  Liittke, 
employing  the  method  already  described,  found  "that  the  accurately 
determined  curve  of  acidity  referable  to  hydrochloric  acid  coincided 
in  all  respects,  even  at  the  beginning  of  the  process  of  digestion, 
with  the  curve  referable  to  the  total  acidity,"  so  that  lactic  acid  as  a 
physiologic  constituent  could  not  have  been  present. 

Kecent  researches  of  Boas,  moreover,  appear  to  prove  beyond  a 
doubt  that  in  physiologic  conditions  no  appreciable  amounts  of  lactic 
acid  are  formed  during  the  process  of  digestion,  and  that  the  lactic 
acid  found  after  an  ordinary  meal  has  been  introduced  into  the  stom- 
ach as  such.     That  lactic  acid  is  actually  present  in  the  various  kinds 


CHEMICAL  EXAMINATION  OF  THE  GASTRIC  JUICE.       169 

of  bread  has  been  definitely  proven,  and  it  is,  hence,  not  permissible 
to  make  use  of  any  test-meal  containing  lactic  acid,  when  the  ques- 
tion as  to  its  formation  in  the  stomach,  is  to  be  considered.  For 
these  reasons  Boas  suggests  the  use  of  simple  oatmeal-soup  to  which 
salt  only  has  been  added.  For  practical  purposes  this  is  probably 
not  always  necessary,  as  the  small  amount  of  lactic  acid  found  after 
Ewald's  test  breakfast  may  usually  be  disregarded;  an  increased 
amount  can  be  directly  referred  to  pathologic  conditions. 

The  fact  that  the  lactic  acid  disappears,  or  is  at  least  no  longer 
demonstrable,  at  the  height  of  digestion.  Boas  refers  to  a  resorption 
or  a  carrying  off  of  the  acid  introduced,  on  the  one  hand,  or  to  an 
interference  of  the  hydrochloric  acid  with  the  delicacy  of  the  reagent 
usually  employed — L  e.,  Uffelmann's  reagent — on  the  other.  Path- 
ologically the  same  rule  may  be  said  to  hold  good,  as  Boas  was  un- 
able to  demonstrate  its  presence  after  the  exhibition  of  his  test-meal 
in  the  most  divers  diseases  of  the  stomach,  viz,  chronic  gastritis, 
atony  and  dilatation,  referable  to  myasthenia,  or  pyloric  stenosis, 
following  ulcer,  etc.  Mere  traces,  which  were  occasionally  observed, 
are  of  no  significance,  and  possibly  referable  to  lactic-acid  fermenta- 
tion having  taken  place  in  the  mouth.  In  all  the  cases  examined, 
moreover,  no  oi-ganic  acids  could  be  demonstrated  by  the  method  of 
Hehner-Seemann  (see  p.  177). 

It  is  apparent  then  that  notwithstanding  stagnation  of  the  gastric 
contents  and  the  absence  of  free  hydrochloric  acid  in  normal  amounts, 
lactic  acid  is  not  necessarily  formed  in  the  stomach,  even  in  the 
presence  of  carbohydrates.  In  only  one  disease  of  the  stomach  was 
lactic  acid  found  in  notable  quantities,  viz,  in  carcinoma.  This  ob- 
servation is  in  accord  with  the  fact  that  Ilffelmann's  test  here  yields 
a  marked  reaction — /.  c,  a  deep  lemon,  or  a  canary-yellow  color — 
even  upon  the  addition  of  but  few  drops  of  the  gjjstric  juice,  while 
in  the  benign  affections  only  a  pale-yellow,  brownish,  or  grayish 
color  is  obtained. 

Boas'  test-meal  should  be  given  the  evening  before  the  examina- 
tion, the  stomach  having  been  previously  washed  free  from  all 
remnants  of  food ;  the  remaining  contents  are  obtained  the  next 
morning. 

In  an  analysis  of  fourteen  cases  of  carcinoma  Boas  was  able  to 
demonstrate  the  presence  of  lactic  acid  in  amounts  varying  between 
1.22  and  3.82  p.  m.  in  all  cases  but  one,  while  in  other  diseases  after 
the  ingestion  of  Ewald's  test-breakfast  only  from  0.1  to  0.3  p.  m. 
could  be  obtained. 

Unfortunately  recent  investigations  have  shown  that  notable 
amounts  of  lactic  acid  may  also  be  found  in  gastric  anadeny,  and  in 
cases  of  dilatation  referable  to  benign  causes.  Such  cases,  however, 
are  rare,  and  it  may  be  safely  stated  that  the  presence  of  large 
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amounts  of  lactic  acid  will  almost  invariably  justify  the  diagnosis  of 
carcinoma  of  the  stomach. 

That  stagnation  of  the  gastric  contents  and  the  absence  of  free 
hydrochloric  acid  alone  are  not  capable  of  causing  the  formation  of 
lactic  acid  has  been  seen,  and  it  is,  hence,  difficult  to  explain  why  in 
carcinoma,  practically  only,  lactic-acid  fermentation  should  occur. 
Whether  the  malignant  growth  itself  must  be  regarded  as  one  of  the 
principal  factors  in  this  connection,  as  Boas  suggests,  must  still  re- 
main an  open  question. 

Owing  to  the  interest  which  attaches  to  this  subject,  it  may  not 
be  out  of  place  to  briefly  refer  to  the  following  observation  of  Koch  : 
In  a  case,  in  which  ulcer  of  the  stomach  existed,  the  hydrochloric 
acid  suddenly  disapi)eared  and  gave  place  to  lactic  acid,  which  then 
steadily  increased  in  amount  from  week  to  week.  A  tumor  could 
not  be  demonstrated  on  physicid  examination.  Soon  after,  the  patient 
died,  and  at  the  autopsy  a  carcinoma  of  the  stomach  was  found  upon 
the  base  of  the  pyloric  ulcer.  An  exploratory  operation  should  hence 
he  made,  whenever  notable  amounts  of  lactic  acid  can  be  repeatedly  de- 
monstrated in  the  stomach  contents,  after  the  ingestion  of  Boas^  test-meal. 
Negative  results,  however,  do  not  exclude  the  existence  of  carcinoma. 

The  formation  of  lactic  acid  from  starch  may  be  represented  by 
the  following  equations  : 

I.  2C8H,o05  +1120=    C,aH,Ai  (milk  sugar). 
II.     C|,H„0,i+HjO  =  2C6H,A   (glucose). 
III.  2CeII„0g  =4C3H6  08   (lactic  acid). 

It  should,  finally,  be  mentioned  that  only  that  form  of  lactic  acid 
which  results  from  fermentative  processes  is  of  interest  in  this  con- 
nection, and  not  the  sarcolactic  acid  contained  in  meat — a  jwint 
which  interferes  with  the  general  usefulness  of  Kiegel's  test-meal. 

Tests  for  Lactic  Acid. — For  the  reasons  indicated  Boas'  test- 
meal  (see  p.  134)  should  be  employed  whenever  it  is  desired  to  test 
for  lactic  acid  in  the  gastric  contents.  If  the  case  under  examina- 
tion shows  well-marked  symptoms  of  stagnation  of  the  gastric  con- 
tents, the  stomach  should  be  washed  out  completely  in  the  evening, 
the  soup  given  then,  and  the  gastric  contents  procured  the  next 
morning,  before  any  food  or  liquid  is  taken.  Otherwise  the  test- 
meal  may  be  given  in  the  morning  on  an  empty  stomach,  without 
previous  lavage,  and  the  contents  examined  one  hour  later. 

Uffelmann's  Test. — Heretofore  Uffelmann's  reagent  was  quite  con- 
stantly employed  in  testing  for  lactic  acid,  but  everyone  who  has 
had  occasion  to  make  frequent  use  of  this  reagent  in  clinical  work, 
must  have  been  struck  with  the  uncertainty  of  the  results  so  often 
obtained.  In  a  large  majority  of  the  cases  thus  examined,  particu- 
larly, if  Ewald's  test-breakfast  is  employed,  a  chanicteristic  reaction 
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— i.  €.,  the  occurrence  of  a  lemon  or  canarj'^  yellow  color — is  not 
seen^  notwithstanding  the  presence  of  lactic  acid,  but  a  pale-yellow, 
brownish,  grayish-white,  or  even  gray  color  is  obtained  instead,  often 
leaving  in  doubt  whether  lactic  acid  is  present  or  not.  Aside  from 
doubtful  results,  the  value  of  the  test  is  greatly  diminished  by  the 
fact  that  glucose,  acid  phosphates,  butyric  acid,  and  alcohol  give  the 
same  reaction,  and  that  in  the  presence  of  such  amounts  of  hydro- 
chloric acid  as  are  found  at  the  height  of  normal  digestion,  lactic 
acid  is  not  indicated  by  the  reagent.  All  these  difficulties  have  long 
been  appreciated,  and  in  order  to  obviate  at  least  some  of  them  it 
was  proposeil  to  apply  the  test  to  an  aqueous  solution  of  the  ethereal 
extract  of  the  gastric  contents : 

To  this  end  5  or  10  c.c.  of  the  filtrated  gtistric  juice  are  extracted, 
by  shaking,  with  from  50  to  100  c.c.  of  neutral  sulphuric  ether  in  a 
stoppered  separating  funnel  for  about  twenty  or  thirty  minutes ;  the 
ethereal  extract  is  then  evajwrated  on  a  water  bath,  or  the  ether 
distilled  off  (no  flame).  The  residue  is  taken  up  with  from  5  to 
10  c.c.  of  distilled  water,  and  tested  as  ff)llows :  Three  drops  of  a 
saturated  aqueous  solution  of  the  scsquichloride  of  iron  are  mixed 
with  three  drops  of  a  concentrated  solution  of  pure  carbolic  acid 
and  diluted  with  water  until  an  amethyst-blue  color  is  obtained. 
To  this  solution  a  portion  of  the  ethereal  extract  is  added,  when  in 
the  presence  of  only  0.1  per  cent,  of  lactic  acid  a  lemon  or  canary- 
yellow  color  is  obtained. 

Kelling's  Method. — Five  or  ten  c.c.  of  gastric  juice  are  diluted 
from  ten  to  twenty  times  with  water  and  treated  with  one  or  two 
drops  of  a  5-per-cent.  aqueous  solution  of  the  scsquichloride  of  iron. 
In  the  presence  of  lactic  acid  a  distinct  greenish-yellow  color  is  ob- 
tained, if  the  tube  is  held  to  the  light.  This  test  is  more  reliable 
than  that  of  Uffelmann,  as  a  positive  reaction  is  only  obtained  in 
the  presence  of  lactic  acid. 

Strauss'  Method. — Instead  of  evaporating  the  ether  as  in  the 
above  method,  the  ethereal  extract  may  be  directly  examined  by 
shaking  with  a  freshly  prepared  solution  of  the  scsquichloride  of 
iron,  as  suggested  by  Fleischer.  Making  use  of  this  principle 
Strauss  has  recently  constructed  an  apparatus  (Fig.  34)  which  may 
be  found  very  convenient  and  which  permits  of  roughly  determin- 
ing the  amount  of  lactic  acid  present.  The  instrument  is  essentially 
a  separating-funnel  of  30  c.c.  capacity,  bearing  two  marks,  of  which 
the  one  corresponds  to  5  c.c,  the  other  to  25  c.c.  The  apparatus  is 
filled  with  gastric  juice  to  the  mark  5,  when  ether  is  added  to  the 
25  c.c.  line.  After  shaking  thoroughly  the  separated  liquids  are 
allowed  to  escajXi  by  opening  the  stopcock  until  the  5  c.c.  mark  is 
reached.  Distilled  water  is  then  added  to  the  25  mark,  and  the 
mixture  treated  with  two  drops  of   the  officinal   tincture  of   the 
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sesquichloride  of  iron,  diluted  in  the  proportion  of  1  :  10.  Upon 
shaking  the  water  will  assume  an  intensely  green  color,  if  more  than 
1  p.  m.  of  lactic  acid  is  present,  while  a  pale  green  is  obtained  in  the 
presence  of  from  0.5  to  1  p.  m.  The  tincture  of  iron  should  be  kept 
in  a  dark-colored  dropping-bottle  of  about  50  c.c.  capacity. 

It  will  be  observed  that  only  large  amounts  of  lactic  acid,  which 
are  alone  of  importance  from  a  diagnostic  point  of  view,  are  indicated 
by  the  apparatus.     Small  amounts,  as  those  introduced  with  Ewald's 

Fig.  34. 


Strauss'  apparatus  fur  the  approximative  estimation  of  lactic  acid. 

test-breakfast,  or  referable  to  lactic-acid  fermentation  in  the  mouth, 
are  not  indicated,  so  that  confusion  as  to  the  presence  or  absence  of 
the  acid  can  never  arise. 

Boas*  Method. — In  doubtful  cases  the  following  method  should  be 
employed,  as  with  it,  and  following  the  exhibition  of  Boas'  test-meal, 
all  possible  errors  can  be  avoided.  The  stomach  must,  however,  be 
todshed  perfectly  deaUy  before  the  test-meal  is  introduced.  It  is  my  be- 
lief that  some  of  the  positive  results  which  have  been  obtained  in 
other  diseases  than  carcinoma,  are  referable  to  neglect  in  this  partic- 
ular point.  Aldehyde  is  not  infrequently  found  in  the  stomach 
contents,  when  sarcinae  are  present  in  large  numbers,  and  may  be 
mistaken  for  lactic  acid,  as  I  discovered  to  my  regret  not  long  ago. 

Principle  of  the  method  :  When  a  solution  of  lactic  acid  is  treated 
with  a  strong  oxidizing  agent  and  heated,  the  lactic  acid  is  decom- 
posed into  acetic  aldehyde  and  formic  acid,  according  to  the  equa- 
tion : 

Lactic  acid.  Acetic  aldehvde.     Formic  acid. 

CH3 — cn(oii)  —  CO.  on  =  cHj.cho  +  H.co.on. 

Practically,  then,  the  test  for  lactic  acid  resolves  itself  into  a  test  for 
acetic  aldehyde,  which  can  be  readily  recognized  by  testing  with 
various  reagents,  such  as  an  alkaline  solution  of  iodo-potassic  iodide, 
Nessler\s  reagent  and  others.  Nessler's  reagent  is  prepared  as  fol- 
lows :  Two  grammes  of  potassium  iodide  are  dissolved  in  50  c.c.  of 
water  and  treated  with  iodide  of  mercury,  while  heating,  until  some 
of  the  latter  remains  undissolved.  Upon  cooling,  the  solution  is 
diluted  with  20  c.c.  of  water.     Two  parts  of  this  solution  are  then 
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treated  with  3  parts  of  a  concentrated  solution  of  potassium  hydrate  ; 
any  precipitate  that  may  have  formed  is  filtered  off  and  the  reagent 
kept  in  a  well-stoppered  bottle.  When  aldehyde  is  added  to  such  a 
solution  a  yellowish-red  or  red  precipitate  results,  the  exact  color 
depending  upon  the  amount  of  aldehyde  present.  One  part  of  the 
aldehyde  may  still  be  recognized,  when  diluted  with  40,000  parts  of 
water. 

With  an  alkaline  solution  of  iodo-potassic  iodide,  aldehyde,  in  a 
dilution  of  1 :  20,000,  will  still  produce  a  cloudiness,  referable  to  the 
formation  of  iodoform,  which  is  readily  recognized  by  its  character- 
istic odor  (Lieben's  test  for  acetone). 

Method  :  The  filtered  gastric  juice  is  tested  for  the  presence  of 

free  acids  with  Congo-red  (see  p.  147).     If  present,  from  10  to  20 

CO.  are  evaporated  to  a  syrup  on  a  water-bath,  after  the  addition  of 

an  excess  of  barium  carbonate,  while  the  latter  is  unnecessary  in  the 

absence  of  free  acids.     The  syrup  is  treated  with  a  few  drops  of 

phosphoric  acid,  and  the  carbon  dioxide  removed  by  bringing  it  to 

the  boiling  point,  once  only,  when  it  is  allowed  to  cool  and  extracted 

with  100  c.c.  of  neutral  sulphuric  ether  (free  from  alcohol),  by  shaking 

for  half  an  hour.     The  layer  of  ether  is  poured  off  after  half  an  hour, 

the  ether  is  evaporated  (nojlaine),  the  residue  taken  up  with  45  c.c.  of 

water,  shaken  and  filtered,  and  finally  treated  with  5  c.c.  of  sulphuric 

acid  and  a  pinch  of  dioxide  of  manganese  in  an  Erlenmeyer  flask. 

This  is  closed  with  a  perforated  stopper  carrying  a  glass  tube  bent 

to  an  obtuse  angle,  the  longer  limb  of  which  passes  into  a  narrow 

glass  cylinder  containing  from  5  to  10  c.c.  of  Xessler's  reagent  or  a 

Bke  quantity  of  an  alkaline  solution  of  iodo-potassic  iodide.    If  heat 

is  now  carefully  applied,  the  aldehyde,  formed  by  the  oxidation  of 

the  lactic  acid  with  manganese  dioxide  and  sulphuric  acid,  passes 

over,  when  the  boiling-point  is  reached,  and  causes  the  precipitation  of 

yellowish-red  aldehyde  of  mercury  in  the  tube  containing  the  Nessler^s 

reagent,  or  of  iodoform,  if  the  alkaline  solution  of  iodine  is  employed. 

Qoantitatiye  Estimation  of  Lactic  Acid  According  to  Boas' 

Method. — The  principle  already  set  forth  also  applies  to  the  quanti- 
tative estimation  of  lactic  acid. 
Solutions  required : 

1.  A  one-tenth  normal  solution  of  iodine. 

2.  A  one-tenth  normal  solution  of  sodium  thiosulphate. 

3.  Hydrochloric  acid  (sp.  gr.  1.018). 

4.  A  potassium  hydrate  solution  (56  :  1,000). 

5.  Starch  solution. 
Preparation  of  these  solutions  : 

1.  A  normal  solution  of  iodine  should  contain  126.53  (mol.  weight 
of  iodine)  grammes  of  iodine  in  the  litre,  and  a  one-tenth  normal 
solution,  hence,  12.6  grammes.     In  order  to  dissolve  the  iodine  25 
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grammes  of  potassium  iodide  are  dissolved  in  about  200  c.c.  of  dis- 
tilled water,  when  the  12.6  grammes  of  resublimed  iodine  are  added. 
This  solution  is  then  diluted  with  distilled  water  to  the  1,000  c.c. 
mark,  and  requires  no  further  correction. 

2.  The  one-tenth  normal  solution  of  sodium  thiosulphate  is  pre- 
pared as  described  in  the  chapter  on  Acetone  (see  Urine).  When 
treated  with  one  gramme  of  ammonium  carbonate  pro  litre,  it  will 
retain  its  titre  almost  indefinitely. 

3.  Preparation  of  the  starch  solution  :  5  grms.  of  starch  are  dis- 
solved in  900  c.c.  of  water  by  heating,  when  10  grms.  of  zinc 
chloride  in  100  c.c.  of  water  are  added. 

Method. — Ten  to  twenty  c.c.  of  the  filtered  gastric  juice  are  first 
treated,  as  indicated  above,  viz,  evaporated  to  a  syrup  after  the  pre- 
vious addition  of  barium  carbonate,  if  free  acids  are  present.  A 
few  drops  of  phosphoric  acid  are  added,  the  carbon  dioxide  re- 
moved by  boiling,  and  the  residue  extracted,  on  cooling,  with  100 
c.c.  of  QtXier  free  from  alcohol ;  the  ether  is  evaporated  after  separa- 
tion, the  residue  taken  up  with  45  c.c.  of  distilled  water,  and  treated 
with  manganese  dioxide  and  sulphuric  acid.  The  flask  is  closed  by 
a  doubly  perforated  stopper ;  through  one  aperture  a  bent  tube  passes 
to  the  distilling-apparatus,  and  a  straight  tube  provided  with  a 
piece  of  rubber  tubing,  clamped  ofl*,  through  the  other.  The  mix- 
ture is  distilled  until  about  four-fifths  of  the  contents  have  passed 
over,  excessive  heed  being  carefully  avoided^  as  otherwise  the  aldehyde 
will  be  decomposed,  according  to  the  equations  : 

lactic  acid.  A]dehyd<^.        Formic  acid. 

I.  CH3  —  CH(OII)  —  CO. on  =r  CHj.CHO  H   HCOOU. 

Aldehyde.    Formic  acid.  Acetic  acid. 

II.  CH3.CHO  +  HCOOn  +  20  =  CH3.CXX)H  +  CO2  -h  H2O. 

To  the  distillate,  which  is  best  received  in  a  high  Erlenmeyer 
flask,  well  stoppered,  20  c.c.  of  the  one-tenth  normal  solution  of 
iodine  are  added,  mixed  with  20  c.c.  of  the  5.6-j)er-cent.  solution  of 
jK)tassium  hydrate.  The  mixture  is  shaken  thoroughly  and  allowed 
to  stand  for  a  few  minutes.  lu  order  to  liberate  the  iodine  not  used 
in  the  reaction,  20  c.c.  of  hydrochloric  acid  are  added,  and  the  ex- 
cess of  iodine  determined  by  titration  with  the  one-tenth  normal  solu- 
tion of  sodium  thiosulphate.  The  titration  is  carried  almost  to  the 
point  of  decolorization,  when  a  little  starch  solution  is  added ;  the 
mixture  is  then  titrated  imtil  the  blue  color  has  disapi)eared.  The 
number  of  c.c.  of  the  one-tenth  normal  solution  employed,  viz, 
20,  minus  the  number  of  c.c.  of  the  one-tenth  normal  solution  of 
sodium  thiosulphate,  will  then  indicate  the  number  of  c.c.  of  the 
former  required  for  the  formation  of  iodoform,  viz,  the  amount  of 
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lactic  acid  present  in  10  or  20  c.c.  of  gastric  juice,  as  the  case  may 
be.  As  1  c.c.  of  the  one-tenth  normal  solution  of  iodine  has  been 
found  to  indicate  the  presence  of  0.003388  gramme  of  lactic  acid,  it 
is  only  necessary  to  multiply  the  number  of  c.c.  used  by  this  figure, 
and  the  result  by  10,  in  order  to  obtain  the  percentage. 

The  method  described  is  reliable  and  sufficiently  accurate  for  clin- 
ical purposes.  At  the  same  time  it  may  be  said  that  no  more  time 
is  required  than  in  the  ordinary  quantitative  estimation  of  sugar  by 
means  of  Fehling's  method,  or  of  hydrochloric  acid,  according  to  the 
method  of  Martins  and  Luttke. 

Boas'  Rapid  Method  :  This  method  is  less  accurate  than  the 
one  preceding,  but  may  be  advantageously  employed  in  the  absence 
of  the  various  reagents  necessary  with  the  former.  Ten  c.c.  of  fil- 
tered gastric  juice  are  treated  with  a  few  drops  of  dilute  sulphuric 
acid,  and  the  albumin  present  removed  by  heat.  The  filtrate  is  evap- 
orated to  a  syrup  on  a  water  bath,  water  added  to  the  original 
amount,  and  this  again  evaporated  to  a  small  volume,  fatty  acids  being 
thereby  removed.  The  lactic  acid  remaining  is  now  extracted  with 
ether  (200  c.c.  for  every  10  c.c.  of  gastric  juice) ;  the  ether  is  evap- 
orated, the  residue  taken  up  with  water,  and  titrated  with  a  one- 
tenth  normal  solution  of  sodium  hydrate,  using  phenolphthalein  as 
an  indicator.  As  40  parts  by  weight  of  sodium  hydrate  (mol. 
weight)  combine  with  90  parts  by  weight  of  lactic  acid  (mol.  weight) 
and  as  1  c.c.  of  the  one-tenth  normal  solution  of  sodium  hydrate  con- 
tains  0.004  gramme  of  sodium  hydrate,  the  corresponding  amount  of 
lactic  acid  is  found  from  the  equation  :  40  :  90  :  :  0.004  :  x  ;  40x  = 
0.360  ;  X  =  0.009.  The  value  of  1  c.c.  of  the  one-tenth  normal  so- 
lution in  terms  of  lactic  acid  is  thus  0.009.  By  multiplying  the 
number  of  c.c.  used  by  this  figure,  the  amount  of  lactic  acid  present 
in  10  c.c.  of  gastric  juice  is  ascertained.  The  result  multiplied  by 
10  indicates  the  percentage. 

The  Fatty  Acids. 

Mode  of  Formation  and  Clinical  Significance. — Unless  much 
milk  or  carbohydrates  have  been  ingested,  fatty  acids  do  not  occur 
in  the  gastric  contents  under  physiologic  conditions,  and  it  would 
appear  from  the  researclies  of  Boas  that  their  formation  is  intimately 
associated  with  that  of  lactic  acid.  After  the  exhibition  of  his  test- 
meal  (see  p.  134)  he  was  unable  to  demonstrate  their  presence  either  in 
health  or  in  the  various  diseases  of  the  stomach,  such  as  chronic  gastri- 
tis, atony,  or  dilatation  referable  to  benign  causes,  etc.  In  carcinoma, 
however,  fatty  acids,  just  as  lactic  acid,  were  quite  constantly  found. 

That  butyric  acid  can  be  derived  from  lactic  acid  has  been  demon- 
strated by  Fliigge,  the  reaction  taking  place  according  to  the  equation  : 

2C,IIe03  =  C,H«0,  +  200,  +  411. 
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This  observation  is  probably  explained  by  the  fact  that  most  of  the 
organisms  causing  butyric-acid  fermentation  are  anaerobic,  while  the 
bacillus  acidi  lactici  and  the  o'ldium  lactis  eagerly  absorb  oxygen. 

Acetic-acid  fermentation,  on  the  other  hand,  presupposes  the  pres- 
ence of  alcohol,  whether  this  is  introduced  into  the  stomach  as  such 
or  whether  it  results  from  the  action  of  yeast  (saccharomyces  cere- 
visiae)  ujK)n  sugar.  The  transformation  of  alcohol  into  acetic  acid  is 
represented  by  the  equation  : 

CjHjOH  -f  20  =  C,H  A  +  H^O, 

while  the  formation  of  alcohol  during  the  process  of  fermentation 
from  glucose  is  shown  below : 

I.     an,  A  4-  2H,0  =  2C,H«0  -f  2H,C03. 
II.     2H,C08  =  2H,0  -f-  2CO2. 

It  is,  hence,  necessary,  whenever  acetic  acid  is  met  with  in  the 
gastric  contents,  to  exclude  the  presence  of  alcohol,  as  it  is  only 
then  permissible  to  refer  its  presence  to  stagnation  and  advanced  de- 
composition of  carbohydrates. 

If  the  examination  is  confined  to  an  analysis  of  the  gastric  con- 
tents, obtained  otherwise  than  after  the  exhibition  of  Boas'  or 
Ewald's  test-meal,  the  diagnosis  of  pyloric  stenosis  with  dilatation 
is  probably  always  justifiable  in  the  presence  of  notable  quantities 
of  butyric  acid  and  acetic  acid,  while  the  same  observations  after  a 
previous  washing  out  of  the  stomach  and  the  exhibition  of  Boas' 
test-meal  \vould  more  strongly  suggest  carcinoma  as  the  cause  of  the 
stenosis. 

That  butyric  acid  may  occur  in  the  gastric  contents,  when  butter 
or  fats  in  general  have  been  ingested  is,  of  course,  not  surprising, 
and  its  presence  then  should  be  looked  upon  as  a  physiologic  occur- 
rence. At  the  same  time  it  should  not  be  forgotten  that  butyric 
acid,  just  as  lactic  acid,  may  possibly  have  been  formed  in  the  mouth, 
and  conclusions  should,  hence,  only  be  drawn  when  such  sources  of 
error  can  be  definitely  excluded,  and  the  amount  found  exceeds  mere 
traces. 

In  conclusion,  it  may  be  said  that  in  disease  butyric  acid  is  far 
more  frequently  encountered  in  the  gastric  contents  than  acetic  acid, 
but  the  significance  of  the  two,  if  alcoholism  can  be  excluded,  is  the 
same. 

Tests  for  Butyric  Acid. — 1.  Butyric  acid  can  usually  be  recog- 
nized by  its  odor  alone,  which  is  that  of  rancid  butter.  Often,  how- 
ever, it  will  be  necessary  to  resort  to  more  definite  tests,  such  as  the 
following : 

2.  Ten  c.c.  of  filtered  gastric  juice  are  extracted  with  50  c.c.  of 
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ether.  The  ether  is  evaporated  and  the  residue  taken  up  with  a  few 
c.c.  of  water.  If  a  trace  of  calcium  chloride  in  substance  is  now 
added,  the  butyric  acid  will  separate  out  in  the  form  of  small  oil- 
droplets,  the  nature  of  which  is  readily  recognized  by  the  pungent 
odor.  If,  instead  of  adding  calcium  chloride,  a  slight  excess  of 
baryta-water  is  used,  strongly  refractiv^e  rhombic  plates  or  granular, 
wart-like  masses  of  barium  butyrate  are  obtained,  upon  evaporation. 

Tests  for  Acetic  Acid. — 1.  Like  butyric  acid,  acetic  acid  can 
usually  be  recognized  by  its  odor. 

2.  Ten  c.c.  of  filtered  gastric  juice  are  extracted  with  ether.  The 
ether  is  evaporated,  the  residue  dissolved  in  a  few  drops  of  water, 
and  accurately  neutralized  with  a  dilute  solution  of  sodium  hydrate, 
sodium  acetate  being  formed.  If  to  this  a  drop  or  two  of  a  very 
dilute  solution  of  the  perchloride  of  iron  is  added,  a  dark-red  color 
results,  in  the  presence  of  acetic  acid.  With  nitrate  of  silver  a  pre- 
cipitate is  obtained  which  is  soluble  in  hot  water. 

Quantitative  Estimation  of  the  Fatty  Acids. — Method  of  Cahu- 
Mehring,  modified  by  McNaught :  The  total  acidity  is  determined  in 
10  c.c.  of  filtered  gastric  juice.  Another  10  c.c.  are  evaporated  to  a 
syrup,  diluted  with  water  and  similarly  titrated.  The  difference  be- 
tween the  two  results  will  indicate  the  amount  of  fatty  acids  present. 

Quantitative  Estimation  of  the   Organic  AcidB. — Method  of 

Hehner-Seemann  :  This  method  is  based  upon  the  observation  that  if 
a  certain  amount  of  a  one-tenth  normal  solution  of  sodium  hydrate  is 
added  to  organic  acids  and  the  mixture  is  evajx)rated  and  incinerated, 
the  organic  acids  escape  as  carbon  dioxide,  leaving  their  alkali  be- 
hind in  the  form  of  a  carbonate  ;  this  is  then  determined  by  titration 
with  a  one-tenth  normal  solution  of  hydrochloric  acid.  The  amount 
of  physiologically  active  hydrochloric  acid  can  be  estimated  at  the 
same  time  by  deducting  from  the  total  acidity  the  acidity  referable  to 
organic  acids. 

Method  :  10  or  20  c.c.  of  filtered  gastric  juice  are  titrated  with 
a  one-tenth  normal  solution  of  sodium  hydrate,  evaporated  to  dry- 
ness, and  incinerated,  the  application  of  heat  being  discontinued  as 
soon  as  the  ash  has  ceased  to  burn  with  a  luminous  flame.  The 
residue  is  taken  up  with  water  and  titrated  with  a  one-tenth  normal 
solution  of  hydrochloric  acid.  This  is  prepared  by  diluting  146 
grammes  of  the  concentrated  acid  (sp.  gr.  1.14)  \nth  distilled  water 
to  alK^ut  900  c.c,  when  the  solution  is  brought  to  the  proper  strength 
by  comparing  it  with  a  one-tenth  normal  solution  of  sodium  hydrate, 
according  to  directions  given  elsewhere.  The  number  of  c.c.  of  the 
one-tenth  normal  solution  of  hydrochloric  acid  employed,  multiplied 
bv  0.003G5  will  indicate  the  amount  of  fattv  acids  in  the  10  c.c.  of 
gastric  juice,  in  terms  of  hydrochloric  acid;  the  percentage  is  ascer- 
tained by  multiplying  by  10  or  5,  as  the  case  may  be.  By  deducting 
12 
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the  number  of  c.e.  employed  from  that  of  the  one-tenth  normal  solu- 
tion of  sodium  hydrate,  first  used,  the  number  of  c.c.  of  the  latter  re- 
quired for  the  neutralization  of  the  physiologically  active  hydrochloric 
acid  is  ascertained,  and  the  amount  determined  by  multiplying  with 
0.00365. 

Oases. 

The  stomach  always  contains  a  certain  quantity  of  gases  which 
have  partly  been  swallowed  and  partly  have  passed  into  the  stomach 
from  the  duodenum.  As  fermentative  processes  in  health  only  occur 
when  carbohydrates  or  fats  have  been  ingested,  and  then  only  to  a 
slight  degree,  nitrogen,  oxygen,  and  carbon  dioxide  are  the  only  gases 
found  during  the  process  of  albuminous  digestion.  As  the  oxygen 
swallowed,  is,  moreover,  largely  absorbed  by  the  blood,  and  two 
volumes  of  carbon  dioxide  are  returned  for  one  volume  of  oxygen, 
the  presence  of  large  amounts  of  the  former  and  small  amounts  of 
the  latter  is  readily  explained.  In  an  analysis  of  the  gases  contained 
in  the  stomach  of  a  dog  which  had  been  fed  on  meat  Planer  found 
the  following  proportions : 


Carbon  dioxide 25.2  vol.  percent 

Oxygen 6.1    ** 

Nitrogen 68.7    **  '* 

With  a  strict  vegetable  diet,  on  the  other  hand,  hydrogen  may 
also  be  found  (Planer)  : 

^^f°-  Dog. 

Carbon  dioxide      .         .     20.79  33.83  32.9  vol.  per  cent. 

Oxygen         0.37  0.8    *'           ** 

Nitrogen       .         .         .     72.50  38.22  66.3   **           *' 

Hydrogen     .         .         .6.71  27.58 

The  presence  of  hydrogen  is  readily  understood,  if  it  is  remembered 
that  during  the  process  of  butyric-acid  fermentation  hydrogen  and 
carbon  dioxide  are  formed.  Lactic-acid  or  acetic-acid  fermentation 
does  not  give  rise  to  the  formation  of  gases. 

Marsh  gas,  CH^,  a  product  of  the  fermentation  of  cellulose,  may 
also  be  found  in  pathologic  conditions,  and  is  formed  according  to 
the  equation  : 

(CeHjoOJn  -f  (H,0)n  =  3(C0,)n  -f  3(Cir,)n. 

It  is  yet  an  open  question  whether  marsh  gas  is  formed  in  the  stom- 
ach or  passes  into  the  stomach  from  the  small  intestine. 

Such  observations  must,  however,  be  regarded  as  rarities.  In 
one  case  of  this  kind,  examined  by  Ewald  and  Kuppstein,  in  which 
alcohol,  acetic  acid,  lactic  acid,  and  butyric  acid  were  found  in  the 
vomited  material,  an  analysis  of  the  gases  gave  the  following  result  : 
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Oarbon  dioxide 20.6  vol.  per  cent 

Oxygen 6.5   **  '* 

Nitrogen 41.4 

Hydrogen 20.6 

Marsh  gas 10.8 


ti  it 

H  It 

H  It 


Traces  of  olefiant  gas  and  of  sulphuretted  hydrogen  were  also 
found.  It  is  curious  to  note  that  in  this  case  t\\e  patient,  who,  ac- 
cording to  his  own  statement,  had  "  acetic  acid  works  in  his  stomach 
on  one  day  and  gas  works  on  another  day,"  was  occasionally  able  to 
light  the  eructated  gas  at  the  end  of  a  cigar-holder,  where  it  burnt 
with  a  faintly  luminous  flame.  McNaught  has  reported  a  similar 
case,  in  which  the  analysis  furnished  the  following  results :  Carbon 
dioxide  =  56  per  cent.;  hydrogen  =  28  per  cent.;  marsh  gas  =  6.8 
per  cent.;  atmospheric  air  =  9.2  per  cent. 

Ammonia  and  sulphuretted  hydrogen  are  also  at  times  met  with  ; 
their  presence  is  always  due  to  albuminous  putrefaction. 

Boas  found  that  sulphuretted  hydrogen  is  quite  commonly  present 
in  cases  of  dilatation  referable  to  benign  causes,  while  it  is  almost 
always  absent  in  carcinoma.  He  adds  that  it  is  never  found  when 
lactic  acid  is  present.  In  acute  gastritis  it  may  be  temporarily  ob- 
served. In  a  number  of  cases  of  carcinoma  I  have  never  found  sul- 
phuretted hydrogen.  In  one  case  reported  by  Strauss  the  bacillus 
coli  communis  was  apparently  concerned  in  its  production. 

To  obtain  a  knowleilge  of  the  gases  formed  in  the  stomach  during 
the  process  of  digestion  it  is  only  necessary  to  fill  an  ordinary  Dore- 
mus'  ureometer,  or  an  Einhorn's  sacchariraeter,  with  the  unfiltered 
gastric  contents,  and  to  keep  it  at  a  temperature  of  from  37®  to 
47°  C,  when  the  evolution  of  gas  can  be  closely  followed  and  the 
necessary  tests  made.  The  presence  of  carbon  dioxide  is  readily 
recognized  by  passing  a  small  amount  of  sodium  hydrate,  in  concen- 
trated solution  or  in  substance,  into  the  tube,  after  the  evolution  has 
entirely  ceased,  when  the  fluid  will  rise.  If  other  giuses  are  present 
at  the  same  time,  they  will  remain  after  the  carbon  dioxide  has  been 
absorbed.  Sulphuretted  hydrogen  is  readily  recognized  by  its  odor 
and  by  the  fact  that  it  will  color  a  piece  of  filter-pajx^r,  moistened 
with  a  few  drops  of  sodium  hydrate  and  acetate  of  lead,  a  more  or 
less  pronounced  brown  or  black.  The  test  is  conveniently  made  by 
filling  a  test-tube  about  half-full  with  the  gastric  contents  and  clos- 
ing it  with  a  eork-.st()})i>er  to  which  a  strip  of  lead-paper,  prepared 
as  indicated,  is  fastened. 

The  eructation  of  gas  formed  in  the  stomach  should  not  be  con- 
founded with  the  so-called  enicfnfio  nrrvomyin  which  no  gas  is  either 
eructated,  or  air  .simj)ly  enters  the  oesophagus  and  is  expelled  again 
with  a  loud,  explosive  noise.  This  may  be  frequently  observed  in 
neurasthenic  and  hysterical  individuals,  and  is  to  a  greater  or  less 
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degree  under  the  control  of  the  will.  It  is  hardly  likely,  however, 
that  the  physician  will  be  called  upon  in  the  laboratory  to  differen- 
tiate between  this  form  and  that  of  true  ructus,  caused  by  fermenta- 
tive processes  taking  place  in  the  stomach.  The  gases  brought  up 
in  the  former  conditions  are  without  odor  or  taste,  and  thus  differ 
from  those  found  in  true  dyspepsia. 

Acetone. 

The  presence  of  acetone  in  the  gastric  contents  in  pathologic  con- 
ditions has  been  repeatedly  observed,  especially  by  v.  Jaksch  and 
Lorenz,  and  it  is  curious  to  note  that  the  latter  A^-as  at  times  able  to 
demonstrate  larger  quantities  of  the  substance  in  the  gastric  con- 
tents than  in  the  urine. 

In  the  chapter  on  Acetonuria  the  relation  existing  between  diges- 
tive di^3eases  and  the  elimination  of  acetone  will  be  dealt  >rith  more 
fully,  but  it  may  here  be  mentioned  that  in  the  primary  diseases  of 
the  gastro-intestinal  tract  acetone  is  quite  constantly  met  with  in 
the  gastric  contents,  while  it  is  but  rarely  observed  in  the  secondary 
forms,  and  never  seen  in  the  gastric  neuroses. 

This  statement,  however,  is  denied  by  Sovelieff,  who  claims  to  have 
found  traces  of  acetone  only  in  one  case  of  nervous  dyspepsia,  while 
negative  results  were  obtained  in  all  other  diseases  of  the  stomach. 
I  have  repeatedly  been  able  to  demonstrate  the  presence  of  acetone 
in  cases  of  carcinoma,  and  have  never  found  it  in  neurotic  condi- 
tions. 

In  order  to  test  for  acetone  the  gastric  contents  are  distilled  after 
the  previous  addition  of  a  small  amount  of  phosphoric  acid  (1  :  1,000), 
so  as  to  prevent  an  excessive  evolution  of  gases,  when  the  tests  of 
Reynolds  and  Gunning  (see  Urine)  are  applied  to  the  distillate.  If 
both  reactions  furnish  a  positive  result,  the  presence  of  acetone  may 
be  regarded  as  demonstrated.  Dennig^s'  test  may  also  l>e  employed 
and  can  be  applied  to  the  filtered  contents  directly  (see  Urine). 

Ptomsuins  and  Toxalbumins. 

Remembering  that  ptomains  and  toxalbuniins  have  l)een  directly 
obtained  from  tainted  meat,  sausage,  fish,  clams,  crabs,  cheese,  etc., 
it  is  probable  and,  indeeil,  to  be  expecteil  that  these  l>odies  should 
be  present  in  the  gastric  contents  also.  .Vt  the  j^une  time  it  may  be 
mentioned  that  the  stomach  aj^x^ars  to  possess  the  power  of  elimi- 
nating from  the  system  poisons  of  this  nature  which  are  circulating 
in  the  bloo<l.  This  is  shown  bv  the  observations  of  Alt,  who  found 
that  the  water  with  which  the  stomach  of  an  animal  had  been  irri- 
gated, after  the  sul>cutaneous  injection  of  tlie  poison  of  Pelias  berus 
and  Echidna  arictans,  or  the  direct  bite  of  the  snake,  produce<l  the 
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same  symptoms  of  poisoniog  wheo  injected  into  another  animal.  It 
is  interesting  to  note  that  with  lavage  of  the  stomach  the  poisoned 
animal  recovered.  Similar  observations  have  been  made  in  cholera 
Asiatica.  Certain  v^etable  alkaloids,  such  as  morphin,  are  also 
known  to  be  eliminated  to  a  large  extent  by  the  stomach.  Of  tlic 
nature  of  the  ptomains  and  toxalbumtns,  which  may  occur  in  the 
stomach,  but  very  little  is  known. 


Vomited  Material. 
Tood-material. — The  vomiting  of  large  amounts  of  totally  undi- 
gested meat  two  or  three  hours  aAer  its  ingestion  is  a  rare  occur- 
rence, and  is  only  met  wit)i  in  conditions  associated  with  an  entire 

Fio.  35. 
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abdencc  of  digestive  juices  from  the  stomach — i.  c,  in  cases  of  atro- 
phic cirrhosis  of  the  stomach  (anadcny  of  Ewald).  Thiscoudition  is 
not  to  l>e  confounded  with  the  regnr^tation  of  undigeste<i  foot!, 
mixed  with  mucus  nnd  saliva,  which  is  seen  iu  cases  of  stricture  of 
the  oesophagus  or  of  the  cardiac  orifice  of  the  stomach.  While  at  the 
outset  of  the  hitter  disesise  the  regurgitation  of  food  occurs  immedi- 
ately, or  nt  least  very  soon  after  a  meal,  it  may  take  place  between 
mcflls  in  the  later  stages  of  the  disease  when  dilatation  lias  occurred. 
The  rf-c^jnitiou  of  the  origin  of  the  material  brought  up  may  then 
be  exceedingly  diflicidt.     In  such  cases  an  examination  should  be 
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made  for  biliary  coloring-matter,  which,  if  present,  will,  of  course, 
immediately  exclude  the  cesophagus  as  the  source  of  the  material 
ejected.  Unfortunately,  however,  the  reverse  does  not  hold  good. 
Small  amounts  of  undigested  meat  are  of  no  significance. 

The  vomiting  of  well-digested  food  is  observed  in  some  of  the 
neuroses  of  the  stomach,  and  also  in  certain  cases  of  acute  and  sub- 
acute gastritis,  ulcer  of  the  stomach,  and  chronic  gastritis  in  its  early 
stages.  The  vomiting  referable  to  cerebral  and  spinal  diseases  also 
belongs  to  this  category. 

In  this  connection  it  is  very  important  to  inquire  into  the  exist- 
ence of  nausea  previous  to  the  vomiting,  for,  as  is  well  known,  con- 
siderable amounts  of  saliva  and  mucus  may  be  swallowed  if  much 
nausea  has  existed,  the  result  being  that  the  process  of  digestion  is 
arrested  before  the  occurrence  of  vomiting.  In  such  an  event  it 
would  be  entirely  erroneous  to  conclude  that,  because  the  material 
ingested  has  not  reached  that  stage  of  digestion  which  should  be  ex- 
pected at  the  time  of  the  vomiting,  the  stomach  is  incapable  of 
properly  performing  its  functions. 

Mucus. — ^The  constant  presence  of  large  amounts  of  mucus  in 
the  gastric  contents,  obtained  with  the  stomach-tube,  is  almost  path- 
ognomonic of  the  mucous  form  of  gastritis,  while  its  presence  in 
vomited  matter  may  be  referable  to  preexisting  nausea.  In  cases  of 
pharyngitis  moderate  amounts  of  mucus  are  frequently  found.  The 
vomiting  of  pure  mucus,  according  to  Boas,  is  always  pathognomonic 
of  the  absence  of  dilatation  of  the  stomach,  a  statement  founded  on 
reason,  as  it  is  altogether  unlikely  that  no  particles  of  food  should 
be  brought  up  at  the  same  time. 

Under  the  term  gastrosxiceoiThcea  mucosa  Dauber  has  recently 
described  a  condition  in  which  large  amounts  of  mucus  are  secreted 
by  the  non-digesting  organ,  in  the  absence  of  any  symptoms  pointing 
to  a  gastritis.  I  have  observed  a  similar  case  occurring  in  a  neuras- 
thenic patient,  in  which  enormous  quantities  of  mucus  could  at 
times  be  obtained  from  the  fasting  organ,  but  never  during  the 
process  of  digestion.  A  mild  degree  of  h}^erchlorhydria  existed 
at  the  same  time,  as  well  as  enteritis  mucosa  and  rhinitis  mucosa. 
The  motor  power  was  practically  normal. 

Mucus  is  readily  recognized  on  simple  inspection  by  its  glossy 
appearance.  Chemically  it  is  distinguished  by  its  behavior  toward 
acetic  acid.     (See  Urine.) 

Saliva. — The  vomiting  of  pure  saliva  in  the  morning,  upon  ris- 
ing, is  a  fairly  common  symptom  of  chronic  pharyngitis,  which  in 
turn  frequently  carries  in  its  trail  a  chronic  gastritis ;  it  constitutes 
the  so-called  voniifnH  matutinus.  Saliva,  like  mucus,  is,  of  course, 
always  present  in  the  gastric  contents  in  small  amounts.  Larger 
amounts  are  usually  referable  to  an  increased  secretion  owing  to  the 
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existence  of  nausea.     Chemically,  saliva  is  best  recognized  by  test- 
ing for  the  presence  of  the  sulphocyanides.     (See  Saliva,  p.  122.) 

Bile. — Bile  is  rarely  observed  in  the  gastric  contents  brought  up 
by  the  stomach-tube,  but  is  frequently  seen  in  vomited  matter,  of 
which  it  may  be  said  to  be  a  constant  constituent,  whenever  the 
vomiting  has  been  very  intense  or  frequently  repeated.  Its  presence 
in  the  former  case  should  always  excite  suspicion  of  the  existence  of 
stenosis  of  the  descending  or  horizontal  portion  of  the  duodenum,  or 
the  beginning  of  the  jejunum.  This  diagnosis  becomes  the  more 
probable  the  more  constant  its  presence. 

Pancreatic  Juice. — Mixed  with  bile,  there  is  probably  always 
present  some  pancreatic  juice,  and  it  has  even  been  suggested  that 
the  constant  absence  of  this  constituent,  in  the  presence  of  bile,  is 
strongly  suggestive  of  pancreatic  disease  or  of  obstruction  of  the 
pancreatic  duct  (the  ductus  Wirsungianus). 

Blood. — The  presence  of  unaltered  blood  in  the  gastric  contents 
is  usually  recognized  without  difficulty.  As  marked  alterations  in 
color,  varying  from  a  deep  red  to  a  coifee  or  chocolate  brown  may 
occur,  however,  when  free  acids  are  present,  it  is  at  times  necessary 
to  resort  to  a  more  detailed  examination.  In  order  to  recognize  mere 
traces,  when  the  macroscopic  and  even  the  microscopic  examination 
do  not  point  to  the  presence  of  blood,  the  method  of  Miiller  and 
Weber  should  be  employed.  Kuttner  claims  that  he  was  thus  able 
to  demonstrate  the  presence  of  blood  in  numerous  cases  of  chlorosis, 
in  which  other  tests  furnished  negative  results.  I  have  been  less 
successful  in  the  disease  in  question,  but  admit  that  in  cases  of  car- 
cinoma and  ulcer  of  the  stomach  it  is  with  this  method  often  pos- 
sible to  find  traces  of  blood  which  would  otherwise  have  remained 
unnoticed. 

Method  of  Miiller  and  Weber :  The  gastric  contents  are  treated 
with  a  few  c.c.  of  strong  acetic  acid  and  extracted  with  ether.  Should 
the  ether  not  separate  out  in  a  clear  layer  after  a  few  minutes,  a  few 
drops  of  alcohol  are  added.  If  the  ether  then  remains  colorless,  no 
blood-pigment  is  present,  while  a  brownish-red  color  indicates  the 
presence  of  acetate  of  hsematin.  As  a  similar  but  yellowish-brown 
and  much  less  intense  discoloration  of  the  ether  may  be  produced  by 
other  pigments,  such  as  biliary  coloring-matter,  it  is  well,  in  doubt- 
ful cases,  to  test  the  ethereal  extract  with  tincture  of  guaiacum.  A 
positive  result  indicates  the  presence  of  blood  coloring-matter.  The 
same  may  be  said  if,  upon  spectroscopic  examination  of  the  ethereal 
extract,  an  absorption-band  is  discovered  at  the  junction  of  the  red 
and  yellow. 

Hemorrhage  from  the  stomach,  hceiiuxiemesis,  may  be  observed  in 
the  most  divers  conditions.  It  is  either  dependent  upon  a  primary 
disease  of  the  organ,  such  as  ulcer  and  carcinoma,  or  it  occurs  sec- 
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ondarily  to  disease  of  other  organs,  leading  to  a  hypersemic  condi- 
tion of  the  gastric  mucosa,  such  as  the  various  forms  of  cjirdiac, 
renal,  and  hepatic  disease,  in  connection  with  menstrual  abnormal- 
ities, etc.  In  melsena,  purpura  hemorrhagica,  pernicious  ansemia, 
etc.,  the  cause  of  the  hemorrhage  cannot  always  be  determined.  It 
appears  to  be  certain,  however,  that  nervous  influences  may  also  take 
part  in  the  causation  of  gastric  hemorrhage. 

Pus. — The  occurrence  of  pus  in  the  vomited  matter,  referable  to 
disease  of  the  stomach  itself,  is  uncommon.  It  is  practically  only 
seen  in  cases  of  phl^monous  and  diphtheritic  gastritis,  and,  as  Strauss 
has  recently  pointed  out,  in  carcinoma  affecting  the  smaller  curvature 
and  the  region  of  the  fundus.  In  such  cases  it  is  not  uncommon  to  ob- 
tain as  much  as  one-half  to  two  tablespoonfuls  of  a  muco-purulent 
fluid  from  the  non-digesting  organ.  As  the  motor  function  in  this 
form  of  carcinoma  is  often  unimpaired  the  symptom  may  be  of  con- 
siderable value  in  diagnosis.  The  presence  of  larger  quantities 
usually  indicates  the  perforation  into  the  stomach  of  an  accumula- 
tion of  pus  from  a  neighboring  organ.  An  abscess  of  the  liver,  a 
suppurative  pancreatitis,  an  abscess  of  the  colon,  or  a  subphrenic 
abscess,  may  thus  prove  to  be  its  primary  source.  When  present  in 
considerable  amount  pus  is,  of  course,  readily  detected  with  the 
naked  eye ;  if  any  doubt  should  arise,  a  microscopic  examination 
will  determine  the  question. 

Stercoraceous  Material. — Very  important  from  a  clinical  stand- 
point is  the  vomiting  of  stercoraceous  matter,  which  is  notably  ob- 
served in  cases  of  ileus.  This  is  usually  recognized  without  diffi- 
culty by  its  odor,  which  is  referable  to  the  presence  of  skatol.  If 
any  doubt  should  arise,  it  is  only  necessary  to  distil  the  vomited 
matter  after  the  addition  of  a  little  phosphoric  acid,  and  to  test  for 
the  presence  of  phenol,  indol,  and  skatol  in  the  distillate,  as  de- 
scribed in  the  cliapter  on  Feces  (see  p.  202).  When  chiefly  derived 
from  the  small  intestine  the  vomited  matter,  according  to  v.  Jaksch, 
will  contain  bile  acids  and  bile  pigment  together  with  an  abundance 
of  fat,  which  may  Ik*  detected  by  chemical  or  microscopic  examina- 
tion.    The  reaction  is  usually  alkaline  or  feebly  acid. 

I  have  had  occasion  to  examine  the  vomited  matter  of  a  patient 
in  whom  an  almost  complete  obstruction  existed  immediately  al)ove 
the  ileo-C8ecal  valve  ;  the  color  of  the  material  was  a  golden-yellow, 
the  reaction  neutral ;  no  bile  pigment  or  biliary  acids  were  found, 
while  hydrobilirubin  was  present.  Formed  masses  of  feces,  if  found 
at  all  in  the  vomited  matter  under  such  conditions,  are  certainly  of 
extreme  rarity. 

Parasites. — Of  parasites,  ascarides,  segments  of  tfenite,  trichinic, 
anchylostoma  duodenale,  and  oxyuris  vermicularis  are,  at  times,  en- 
countered.    The  trichomonas  vaginalis  has  also  been  seen  in  one 
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of  caroiiaiim  cf  die  ce^cipiiasni^     For  a  deirxipdoii  of  tiic^tr 

kiv. — ^Tbe  odes'  of  sonnai  piscric  joke  is  quite  «li«nKtif«^ 
isde.  &aggessjng  'At  jttesteoce  of  ficfliie  sod,  m4ikb  can  be  <iiarplv  i)i<i- 
dnguislieid  frnxD  tiie  well-kii««'im  odor  irdemUe  to  iK^etic  scid  or  hi»- 
Uiic  scid.  If  blwid  i«  presient  in  lai^  UDotmts,  the  vomited  xuot^er 
emits  an  c<dor  irfikh  is  •>*:♦  ciiar»c^re«ic  as  never  to  be  mistaken.  A 
fectiknt'odc^r  is  naet  iridi  in  ca^es  of  enterci^sreiiaias,  or  in  the  prftwttce 
of  an  abcKirmal  camnmnicatktn  benrcien  tbe  stomach  and  the  sntall  or 
kn^  intestine-  A  pnnid  oior  mar  be  observed  in  cases  of  ulcerative 
carcinoma^  pykiric  st«Kisis  refcraWe  to  nicer,  simple  oamni^kma  <rf 
tbe  sKunacii,  mnsrolar  hypertrophy  of  the  pylorus,  steoosis  diie  t*> 
inflammatory  adhe*iMis,  etc.  In  cases  of  phosphorus-poisoning  the 
vomited  matter  emits  an  odor  of  gaiiic  :  the  odor  observHxl  in  unrtuic 
conditions  is  referable  to  amnoonia :  a  carbolic-«cid  ixlor  is  n>et  with 
in  cases  of  pr>isoning  irith  this  substance. 

MICROSCOPIC  EXAMIHATIOH  OF   THE   GASTRIC 

COHTEHTS. 

In  the  gastric  juice  obtained  from  the  non-digesting  stom;»ch  the 
various  morphologic  constituents  of  mucus  and  sali\*a,  which  have 
been  described  elsewhere,  are  found.  Microscopic  particles  of  fixxl, 
such  as  elastic  tissue-fibres,  starch-granules,  fet-di\>plets,  fotty  acid 
crystals,  vegetable  and  muscle-fibres,  are,  furthermore,  quite  i\>u- 
stantlv  seen.  Leuoocvtes  and  isolated  nuclei  are  alsi>  ol>scrveil ; 
the  latter  are  set  free  by  the  action  of  the  giistric  juiiv  ujh^u  (ho 
mucous  corpuscles  and  epithelial  cells. 

If  gastric  juice  is  allowed  to  stand,  small  tapiiX'a-Hko  Inxlios  will 
collect  at  the  lx)ttom  of  the  vessel,  which  ujx>n  niiori>si^>pic  exami- 
nation will  be  seen  to  contain  numerous  snail-shell-liko  formations, 
occurring  either  singly  or  collected  in  groups.  These  prx>lmbly  ih>u- 
sist  of  altei^  mucin,  as  they  can  be  artificially  prixliuxMl  by  adding 
a  sufficient  amount  of  dilute  hydrochloric  acid  to  sjdiva.  AoiH>nl- 
ing  to  Boas,  they  are  of  no  diagnostic  significiiniv. 

Epithelial  cells,  fragments  of  the  epithelial  lining  of  the  duets  of 
glands,  as  well  as  goblet -cells,  are  not  infre(|uently  met  with  in  the 
juice  obtained  from  the  non-digesting  orgjin.  In  addition  variou.H 
micro-organisms,  such  as  the  leptothrix  buccal  is,  bacillus  sul>tiliH, 
saccharomyces,  micrococci,  often  arranged  in  the  t\>rm  of  tetrahodra, 
Clostridium  butyricum,  etc.,  mav  be  encountered. 

Among  the  bacteria  which  may  be  found  in  the  gastric  contents 
under  pathologic  conditions  the  bacillus,  described  by  Hoas  and 
Oppler,  is  undoubtedly  the  most  important  and  has  of  late  attracted 
much  attention.     It  ap})ears  to  be  present  quite  constantly  in  (»ar- 
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cinoma,  and  is  almost  always  absent  in  other  diseases  of  the  stom- 
ach. It  is  thought  that  the  formation  of  lactic  acid,  which  is  like- 
wise so  constantly  observed  in  carcinoma,  is  largely  and  perhaps  solely 
referable  to  its  presence.  The  organism  in  question  (Plate  X.) 
is  non-motile,  and  essentially  characterized  by  its  great  length  and  by 
the  fact  that  the  individual  bacilli  are  frequently  seen  joined  together 
end  to  end,  forming  long  threads  and  zig-zag  lines,  which  are  very 
characteristic.  Often  the  entire  field  of  vision  is  filled  with  dense 
conglomerations.  Cultivation-experiments  have  thus  far  not  been 
successful.  The  organism  is  readily  stained  with  the  usual  anilin 
dyes. 

In  vomited  material  containing  biliary  coloring-matter,  leucin,  ty- 
rosin,  and  cholesterin  arc  also  quite  commonly  observed,  and  may  be 
recognized  by  the  form  of  their  crystals,  as  well  as  by  their  chemical 
reactions,  which  are  described  elsewhere. 

In  pathologic  conditions  sarcinse,  blood,  pus,  shreds  of  the  mucous 
membrane  of  the  stomach,  carcinomatous  material,  etc.,  may  also  be 
present. 

SarciiuB  (Fig.  35)  occur  in  the  form  of  peculiar  colonies  of  cocci, 
arranged  in  squares  or  tetrahedra,  strongly  resembling  cotton-bales. 
Not  infrequently  they  are  encountered  under  normal  conditions,  but 
only  in  small  numbers.  In  pathologic  conditions,  on  the  other  hand, 
a  drop  of  the  gastric  contents  may  constitute  an  almost  pure  culture. 
A  case  is  even  on  record  in  which  the  pylorus  had  become  entirely 
occluded  by  an  inspissated  mass  of  these  organisms.  Whenever  pres- 
ent the  existence  of  certain  fermentative  processes  may  be  inferred. 

It  is  curious  to  note  that  in  advanced  cases  of  carcinoma  of  the  stom- 
ach sarcinse  are  practically  never  seen,  although  the  conditions  are 
apparently  most  favorable  for  their  development.  Oppler  w  as  unable 
to  find  them  twenty-four  hours  after  their  introduction  in  large  num- 
bers and  in  pure  culture.  In  cases  of  carcinoma  of  the  curvatures  and 
the  walls,  as  also  in  advanced  pyloric  carcinoma,  sareinse  were  never 
found,  while  they  may  be  present  in  incipient  cases  of  pyloric  car- 
cinoma, so  long  as  hydrochloric  acid  is  secreted. 

The  occurrence  of  blood  and  pus  in  the  gastric  contents  has  been 
considered  (see  p.  183). 

It  not  infrequently  happens  that  small  shrtnls  of  mucous  mem- 
brane are  brought  away  by  the  stomach-tube,  and  in  cases  of  chronic 
gastritis,  hyperchlorhydria  not  dependent  upon  ulcer,  and  in  some  of 
the  neuroses  this  is  indeed  not  at  all  uncommon.  Boas  even  suggests 
that  in  the  neuroses,  where  fragments  of  mucous  membrane  are  so 
readily  detached,  this  may  possibly  be  etiologically  connected  with 
the  formation  of  ulcers,  and  there  can  be  no  doubt  that  the  mere 
action  of  the  abdominal  muscles  exerted  during  the  process  of  defeca- 
tion may  be  sufficient  to  detach  such  fragments.     From  the  micro- 
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scopic  appearance  of  the  particles  the  diagnosis  between  a  gastric 
neurosis  and  one  of  the  various  forms  of  chronic  gastritis  may  be 
frequently  made,  and  the  same   may  be  said  to  hold  good  in  the 


differential  diagnosis  between  a  true  gastritis  and  a  glandular  in- 
sufficiency, referable  to  passive  congestion  of  the  gastric  mucosa. 
At  times  also  tutnor  jxirticlen  are  found  in  the  gastric  contents.     In 


the  accorapan\ing  illustration  (Fig  ib)  a  '•pecimen  obtained  from  a 
carcinomatous  jtatient  is  represent«J,  which  is  quite  readily  distin- 
guished from  similar  fragments  of  mucous  membrane  (Fig.  37). 
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EXAMINATION  OF  THE  MOTOR  POWER  OF  THE 

STOMACH. 

Under  physiologic  conditions  the  stomach  should  contain  but  few 
particles  of  food,  or  none  at  all,  six  hours  after  the  ingestion  of 
RiegePs  meal,  or  one  and  one-half  to  one  and  three-quarter  hours 
after  that  of  Ewald.  A  delay  in  the  removal  of  the  gastric  contents 
may  be  referable  to  the  existence  of  a  simple  atony  or  to  dilatation  of 
the  stomach.  Acc^ording  to  Boas,  an  atony  may  usually  be  diagnosed, 
if,  following  the  exhibition  of  a  supper  consisting  of  bread  and  butter, 
cold  meat,  and  a  large  cupful  of  tea,  the  stomach  is  found  empty  in 
the  morning,  providing,  of  course,  that  symptoms  exist  which  point 
to  atony  or  dilatation.  It  should  be  remembered,  however,  that  in 
cases  of  acute  and  subacute  gastritis,  in  the  absence  of  a  more  serious 
lesion,  food  may  be  found  in  the  stomach  twenty-four  hours  after  its 
ingestion.  A  dilatation  may,  on  the  other  hand,  be  diagnosed  if  the 
stomach  under  the  same  conditions  contains  a  considerable  amount  of 
food.  In  such  cases  it  happens  that  not  only  remnants  of  the  test- 
supper,  but  remains  of  meals  taken  one,  two,  three  or  even  more 
days  previously  are  found.  The  quantities,  moreover,  which  may 
be  obtained  at  the  time  of  the  examination  are  often  surprisingly 
great,  and  may  amount  to  sixteen  pounds  or  more.  Portel  cites  the 
case  of  the  Due  de  Chausnes,  one  of  Paris'  greatest  gourmands,  whose 
stomach  could  hold  4.5  litres — L  e.,  8  pints. 

The  following  methods  may  be  employed  for  the  purpose  of  test- 
ing the  motor  power  of  the  stomach.: 

Leube's  Method. — The  stomach  is  washed  out  six  hours  after 
the  ingestion  of  RiegePs  meal  with  about  1,000  c.c.  of  Mater.  In 
the  presence  of  only  slight  traces  of  food  the  motor  power  may  be 
regarded  as  normal.  This  method  is  undoubtedly  the  most  conve- 
nient for  practic4il  purjx)ses. 

The  Salol  Test  of  Ewald  and  Sievers. —  This  test  is  based  upon 
the  observation  that  salol,  a  compound  ether  of  salicylic  acid,  is  de- 
composed into  phenol  and  salicylic  acid,  only  in  an  alkaline  medium. 
As  the  salicylic  acid  is  eliminated  in  the  urine  as  salicyluric  acid,  it 
is  possible  to  determine  the  time  of  the  passage  of  the  salol  from 
the  stomach  into  the  small  intestine. 

A  capsule  containing  one  gramme  of  salol  is  given  to  the  patient 
immediately  after  his  breakfast  or  dinner,  when  separate  j)()rtions  of 
urine,  passed  one-half,  one  hour,  two  hours,  and  twenty-four  hours 
later,  are  tested  by  adding  a  small  amount  of  a  solution  of 
the  sesquichloride  of  iron.  In  the  presence  of  salicyluric  acid  a 
violet  color  results.  Under  normal  conditions  a  positive  reaction  is 
obtained  after  from  forty-five  to  seventy-five  minutes.  A  further 
delay  may  usually  be  regarded  as  indicating  the  existence  of  motor 
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pvlutir  sDena^  imjivfitibiilv  cx^tSw  Usi&er  xK^nnal  ooiKiictouz^  tur^ 
iWiiw^  It  will  be  }4itser^*fi  tsac  die  ?3i^«  i  t?iinu'Tianon  W  cxHutpIecvd 
after  tv«srr-£Mzr  ii>4iis.  wiiile  in  r!a:<^f>  r'  dibcinoii  ^»f  tbe  :>tottttio)i  ;i 
poBiZTv  mL-tir'a  aiaj  .?dll  b*  •.M>cuiieii  ifrier  thirty  boars.  It  ti  thtu* 
po^Ue  t^>  ^ii&dairiis^  berv«ftfii  <fiflgan>.«a  uni  dR^^ceoc  ot  the  $c^much« 

Boc  atejfULiher  reifdbjie,  a:^  the  •iieL>4np^tk'a  *^  the  :s^ol  mAy\  9t 
tinier,  •wrvr  in  rhe  7C«:«iEach.  owizi^  ro  the  prv^eiK*^  i.^'  dLlkalioe  muctfes 
or  Mav  b*  tieJav^  in  the  mt»><diK<  owin^  t*.^  the  existence  of  aciJ 
tenwsicini.'n.  •?t«*. 

lETAWTlfATMHI  OT  THE  RBSOEPTIVB  POWER  OF  THE 

STOMACH. 

T«>  thLi  en«i  a  «:apK^ale  cootaininir  «\«  ^mLmtue  ot*  (K>tas$iuui  kxlUie 
k  pv«i  t*  •  the  patitrDt  <b».>rtly  hetor^^  a  iiK^aU  ami  iht^  jjaliN-a  examiiHxi 
for  the  prF^jtrD-'e  of  p>ta^>>ium  kxlide  at  int^ rvak  v>f  tVi^iu  t>!^x>  to  thrve 
miDnte?-.       Set-  Siliv^a,  p,  li!f>. 

Un-ier  normal  ooaditious  a  violet  vvU^r  is  obtaiiuxl  after  tnuu  six 
anil  «>n^u-i]t  lo  ekven  mlnutt^,  ami  a  l>lui4x  tint  atlor  tVi^m  js^^'eii 
an«l  ••oe-halt"  to  dtteen  niiuute<.  In  tvitholo^o  vNuuJitious  a  iWlayixl 
reaction  L?  ♦  »tr?erv-erl  in  alim^t  all  iliji^^is^^  of  llu^  stiMiwoh,  aiul  is 
especially  marktil  in  oa'?e>  »^t'  dilatation  and  oarv^iu^Mna^  U^s  nx>  in 
chn:»nit_-  ^astriti-.  and  variaMo  in  nkvr. 

Afetluttr  o.nclasi«»us,  h«>wovor,  oannoi  Ivdnuxn  t\\^m  i>v<ults  thus 
obtaine«i,  a>  a  n«>rnuil  ntu'ti^ni-tinio  lias  also  Kx^n  vUvMn^wsl  in  oa!*\V'^ 
of  dilatation  and  olinniio  i:::istriiis» 

V 

INDIRECT   EXAMINATION   OF   THE   QASTRIO   JUICE 

Onnzbnrgs  Method. — In  tlit>so  oasos  in  \\lu\*li  tor  ;nn  t\N\M\n  \\w 
intrixluotion  «»f  the  stoniach-tnlu*  is  i>»n(r:un\lioahHl  ot  uupv;^rtusd 
the  folio winir  method,  suirirt^^^^'^l  l^v  iXun/lmiv,  »ua\   In*  rnuvK^x^^l 


h.    r»s 


A  fil>nu-j»*»taN>iu»u  u«»liiU>  )>u«kii^\'  «>l  (•«iu.-)>\ii|i 


A  tablet  of  n.*J  to  0,:\  p'annnr  of  |H»inssi\nu  ioiliilr  is  inserttnl  into 
a  piece  of  the  thinnest  pi»ssihle,  sln»n^ly  vnleani/etl  rnbU^r  tnhin^ift 
measurint:  about  li.o  enu  in  h^n^ih.  Tlu*  vxuU  ixw  t'oMeil  as  shown 
in  Fig.  oS,  anil  the  litth*  paekagt*  tied  with   thn^e  thn^nls  of  fibrin, 
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hardened  in  alcohol.  Every  package  should  be  examined  before 
use,  by  immersion  in  warm  water  for  several  hours,  to  determine  its 
tightness,  testing  for  the  presence  of  potassium  iodide  by  means  of 
starch-paper  and  fuming  nitric  acid.  One  of  these  packages  is 
swallowed  by  the  patient  three-quarters  to  one  hour  after  an  Ewald's 
test-breakfast,  and  the  saliva  tested  for  potassium  iodide  at  intervals 
of  fifteen  minutes,  until  a  positive  result  is  reached,  or  until  six  hours 
have  elapsed.  It  is  unnecessary  to  wait  longer  than  six  hours.  In 
the  presence  of  free  hydrochloric  acid  the  threads  of  fibrin  are  dis- 
solved and  the  potassium  iodide  absorbed.  Under  normal  conditions 
a  positive  reaction  is  obtained  after  from  one  to  one  and  three-quar- 
ter hours,  while  anachlorhydria  undoubtedly  exists  if  no  result  is 
obtained  within  five  or  six  hours.  In  cases  of  hyperchlorhydria  and 
hypochlorhydria  the  reaction  is  delayed  for  more  than  two  to  three 
hours.  Giinzburg  further  advises  that  the  resorption-test  with  potas- 
sium iodide  be  also  made,  and  that  the  reaction-time  be  deducted 
from  that  taken  up  in  the  elimination  of  the  iodide  contained  in  the 
package.  Several  tests,  moreover,  should  be  made  in  the  same 
case. 

I  have  had  occasion  to  experiment  with  packages  obtained  from 
Grermany,  and  manufactured  according  to  the  directions  of  Giinz- 
burg.^ In  most  of  the  packages  the  threads  of  fibrin  had  become 
brittle  and  were  broken  in  transit.  The  results  obtained  with  about 
twenty  intact  specimens,  however,  were  entirely  satisfactory,  and  it 
is  to  be  regretted  that  the  packages  cannot  as  yet  be  obtained  in  the 
American  market. 

Similar  packages  have  been  constructed  by  Sahli. 

Reach  has  of  late  made  use  of  barium  iodate  and  the  oxyiodate  of 
bismuth  for  the  same  purpose,  but  without  enclosing  the  substance 
in  rubber.  As  hydrochloric  acid  only  is  capable  of  liberating  the 
iodine  from  these  bodies  they  may  be  employed  instead  of  the  Giinz- 
buig  packages.  As  a  result  of  his  examinations  he  concludes  that 
in  the  presence  of  hydrochloric  acid  iodine  can  thus  be  demonstrated 
in  the  saliva  within  eighty  minutes.  He  finds,  however,  that  at 
times  the  reaction  occurs  later  than  might  have  been  supposed  from 
the  amount  of  hydrochloric  acid  found. 

The  Author's  Test. — Personal  researches  have  led  me  to  be- 
lieve that  a  close  relation  exists  between  the  elimination  of  indican 
in  the  urine  and  the  amount  of  free  hydrochloric  acid  in  the  gastric 
contents.     The  results  reached  may  be  summarized  as  follows  : 

1.  Euchlorhydria  is  rarely  associated  with  an  increased  elimina- 
tion of  indican. 

2.  In  cases  of  simple  neurotic  hyperchlorhydria  a  subnormal  or 
normal  amount  of  indican  is  the  rule. 

*  Gothe  Apolheke,  Frankfurt  a.  M. 
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3.  In  cases  of  hyperchlorhydria  associated  with  ulcer  an  increased 
indicanuria  is  quite  constantly  observed. 

4.  Anachlorhydria,  referable  to  organic  lesions  of  the  stomachy  is 
almost  invariably  associated  with  a  highly  increased  indicanuria. 

5.  Hysterical  anachlorhydria  may  be  associated  with  the  elimina- 
tion of  a  normal  or  increased  amount  of  indican. 

6.  In  cases  of  hypochlorhydria  increased  indicanuria  is  the  rule. 
Given  as  premises : 

1.  That  a  resorption  of  decomposing  pus  is  not  taking  place  any- 
where within  the  body,  as  such  a  process  in  itself  is  capable  of  caus- 
ing an  increased  elimination  of  indican. 

2.  That  a  stenosis  of  the  small  intestine  or  a  high  degree  of  gas- 
tric atony  does  not  exist. 

3.  A  normal  mixed  diet,  containing  no  excessive  amounts  of  red 
meat.     (See  Indicanuria.) 


CHAPTER  IV. 
THE   FECES. 

DEFINITION. 

The  feces  constitute  a  mixture  of  undigested  particles  of  food  and 
unabsorbed  secretions  of  the  gastro-intestinal  tract,  together  with  in- 
testinal mucus,  epithelial  cells,  and  bacteria. 

THE  EXAMINATION  OF  NORMAL  FECES. 

General  Characteristics. 

Number  of  Stools. — The  number  of  stools  which  may  be  passed 
in  the  twenty-four  hours  is  even  under  physiologic  conditions  subject 
to  wide  variation,  but  usually  constant  for  one  and  the  same  indi- 
vidual. One  or  two  stools  jyro  die  may  be  regarded  as  normal. 
Exceptions,  however,  are  frequent.  Persons  are  thus  met  with  who 
have  but  one  stool  every  two  to  four  days,  and  cases  are  on  record 
in  which  one  passage  only  occurred  every  seven  to  fourteen  days, 
the  individuals  evidently  enjoying  perfect  health.  On  the  other 
hand,  the  number  of  stools  may  be  increased  to  three  and  even  four 
under  strictly  normal  conditions.  Hence  the  Importance  of  (wcurateh/ 
ciscertabihic/  the  luihitual  number  of  Ktook  in  ercrt/  indicidu/il.  It 
would  thus  be  manifestly  wrong  to  regard  the  passage  of  three  stools 
daily  as  diarrhoea,  or  the  passage  of  only  one  stool  in  forty-eight 
hours  as  constipation,  if  this  number  has  been  habitual  throughout 
life. 

Whether  or  not  it  is  permissible  to  regard  as  normal  those  rare 
instances  in  which  one  stool  only  occ».urs  every  two  to  six  weeks,  or 
even  less  frequently,  appears  rather  doubtful. 

Amount. — In  those  cases  in  which  more  than  one  or  two  stools 
occur  in  twenty-four  hours  it  is  well  to  ascertain  the  amount  actually 
passed.  The  normal  amount  varies  between  100  and  200  grammes. 
This  quantity  is  increased  by  a  diet  rich  in  vegetable  and  starchy  focnls, 
and  is  diminished  by  one  rich  in  animal  proteids,  so  that  (K)  and  "ioO 
grammes  may  be  regarded  as  the  extreme  limits  in  health.  Such 
amounts  as  500  and  1,000  grammes  are  certainly  abnormal. 
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Consistence  and  Form. — The  consistence  of  a  stool  depends  essen- 
tially upon  the  amount  of  water  present,  and  hence  upon  the  character 
of  the  food  ingested,  being  softer  with  a  purely  vegetable  diet  (BO- 
SS per  cent,  of  water)  than  with  a  diet  rich  in  animal  proteids  (GO- 
GS per  cent.).  With  a  mixed  diet  the  amount  of  water  corresponds 
to  about  75  per  cent.  As  a  general  rule,  normal  stools  exhibit  the 
characteristic  cylindrical  form  and  are  fairly  firm.  Mushy  stools, 
however,  are  also  seen  quite  frequently,  and  round,  scybalous  masses, 
although  far  more  common  in  constipation,  may  likewise  be  observed 
in  health. 

Odor. — The  repugnant  odor  of  the  feces  is,  to  a  large  extent,  due 
to  the  presence  of  indol  and  skatol ;  sulphuretted  hydrogen,  methane, 
and  traces  of  phosphin  may  add  still  further  to  their  disagreeable  odor. 

Color. — The  color  of  the  feces  varies,  according  to  the  nature  of 
the  food  ingested,  from  a  light  to  almost  a  blackish-brown,  a  firm 
stool  being  in  general  darker  in  color  than  a  thin  stool.  A  stool 
that  has  remained  exposed  to  the  air  is  also  somewhat  darker  upon 
its  outer  surface  than  in  its  interior,  owing  to  processes  of  oxidation. 
In  nursing-infants,  in  consequence  of  the  exclusive  ingestion  of  milk, 
the  color  is  light  yellow. 

Under  normal  conditions  the  color  is  never  due  to  native  biliary 
coloring-matter,  the  presence  of  this  substance  being  always  indica- 
tive of  some  pathologic  process,  but  is  largely  dependent  upon  the 
presence  of  hydrobilirubin — /.  e.,  reduced  bilirubin.  It  is,  further- 
more, influenced  by  the  nature  of  the  food,  chlorophyll  tending  to 
produce  a  greenish  color,  starches  a  yellowish  tinge.  If  much  blood 
is  present  in  the  food,  the  feces  may  be  almost  black,  owing  to  the 
formation  of  hsematin.  Huckleberries  and  red  wine  likewise  pro- 
duce a  blackish  color,  chocolate  and  cocoa  a  gray ;  preparations  of 
iron,  manganese,  and  bismuth  color  the  feces  dark  brown  or  black, 
owing  to  the  formation  of  the  sulphides  of  these  metals ;  the  green 
color  of  calomel  stools  was  formerly  supposed  to  be  due  to  the 
formation  of  a  sulphide,  but  is  more  likely  caused  by  the  presence  of 
biliverdin.     Santonin,  rheum,  and  senna  produce  a  yellow  color. 

Macroscopic  Constituents. 

Alimentary  Detritus. — ^Upon  further  examination  of  the  feces 
it  is  possible  to  find,  visible  to  the  naked  eye,  undigested  particles  of 
food,  which  are  partly  indigestible  and  partly  digestible,  such  as 
stones  of  cherries,  grape-seeds,  woody  vegetable  fibre,  the  skins  of 
berries,  large  pieces  of  connective  tissue,  undigested  pieces  of  apples, 
pears,  potatoes,  grains  of  corn,  etc.  The  latter  are  found  in  abund- 
ance when  the  food  is  insufficiently  masticated  or  taken  in  excessive 
amounts. 
13 
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Flakes  of  casein,  recognizable  with  Ihe  naked  eye,  are  also  fre- 
quently seen.  Care  should  be  taken  not  to  confound  these  with  par- 
ticles of  stool  composed  of  fatty  acid  crystals.  This  mistake  is 
often  made,  and  can  readily  be  avoided  by  a  microscopic  or  chemical 
examination  (see  p.  214). 

Foreign  Bodies. — In  children,  the  insane,  in  cases  of  hysteria, 
and  even  in  people  who  are  apparently  possessed  of  their  normal 
senses,  the  physician  must  be  prepared  to  find  at  times  all  kinds  of 
foreign  bodies,  such  as  pins,  coins,  buttons,  false  teeth,  tooth-plates 
with  ragged  edges,  and  even  dirk-knives,  all  of  which  have  been 
known  to  pass  through  the  alimentary  canal  with  perfect  safety.  It 
must  not  be  forgotten,  however,  that  in  certain  cases  of  hysteria 
bodies  may  be  sho\vn  by  patients  which  they  claim  have  passed  by 
the  rectum,  but  which  have  been  willfully  added  to  the  stools,  such 
as  snakes,  frogs,  etc. 

microscopic  Constituents. 

Constituents  Derived  from  Food. — Microscopically  indigestible 
and  undigested  constituents  of  food  may  be  seen  (Fig.  39),  such  as 
the  framework  of  vegetable  material,  sometimes  still  containing 
starch-granules  or  remnants  of  chlorophyll ;  muscle-fibres,  usually 
colored  yellow  and  more  or  less  altered  in  structure.  Elastic-tissue 
fibres  are  readily  recognized  by  their  double  contour  and  bold  out- 
lines. Connective-tissue  fibres  of  the  white  fibrous  variety  can  also 
generally  be  distinguished ;  when  present  in  large  quantities,  how- 
ever, they  are  usually  indicative  of  some  digestive  derangement, 
unless  they  are  observed  following  the  ingestion  of  a  meal  particu- 
larly rich  in  meat.     Flakes  of  casein  are  also  frequently  seen. 

Muscle-fibres  are  found  in  every  stool  whenever  meat  has  been 
eaten.  Under  normal  conditions,  however,  they  are  not  numerous, 
unless  particularly  large  quantities  have  been  ingested.  Their  ap- 
pearance under  the  microscope  may  vary  considerably.  On  the  one 
hand,  fibres  are  met  with  which  still  retain  their  oharaeteristic 
features ;  others  are  split  up  either  partially  or  entirely  into  the 
well-known  disks ;  but  more  common  than  both  are  more  or  le.<s 
roundish,  yellow,  apparently  homogeneous  fragments,  which  at  first 
sight  do  not  resemble  muscle-fibres  in  the  least.  I'pon  closer  in- 
vestigation, however,  their  true  nature  will  become  ai)parent.  It 
will  then  be  seen  that  two  of  the  sides  in  some  portions  at  least  are 
more  or  less  parallel,  and  if  the  specimen  is  examined  with  an  oil- 
immersion  lens  some  traces  of  cross-striation  can  probably  always 
be  discovered. 

Isolated  starch  granules  are  scarcely  ever  found  under  normal 
conditions,  excepting  in  young  children  who  have  been  fed  with  nuich 
starchy  material.     Starch-granules  enclosed  in  v(»getable  cells  are 
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likewise  not  fouod  as  a  general  rule,  bnt  are  more  common  than  the 
isolated  granules.  The  presence  of  either  in  large  numbers  la  usually 
indicative  of  the  existence  of  some  pathologic  condition  affecting  the 
gaatro- intestinal  tract.  Their  presence  is  easily  recognized  by  treat- 
ing microscopic  preparations  with  a  solution  of  iodo-potassic  iodide 
(Lugol's  solution),  when  the  granules  or  fragments  will  assume  a 
blue  color. 

The  presence  of  fat  in  the  feces  is  quite  constant,  even  in  healtli. 
It  may  occur  in  the  form  of  needle-like  crystals,  as  fat-droplets,  or 
ii8  polygoual  masses  which  are  highly  refractive  and  often  colored 
yellow  or  a  yellowish-red.  Their  true  nature  is  easily  recognized  by 
adding  a  drop  of  concentrated  sulphuric  acid  and  heating,  when  they 
are  transformed  into  the  characteristic  fat-droplots. 


■getible 


Morpholoffic  Elements  Derived  from  the  Alimentary  Canal. 
— 1.  Epithelial  ccllw.  Well-preserved  cylindrical  or  goblet  cells  are 
only  exceptionally  found  in  the  feces,  while  transition  forms  from 
the  normal  cells  to  mere  spindles,  in  which  a  nucleus  can  no  longer 
l>e  rec{^ni/ed,  are  quite  constantly  observed.  These  degenerative 
changes,  according  to  Xothnagel,  are  the  result  of  an  abstraction  of 
water  from  the  cells,  which  may  alter  their  appearance  to  an  extent 
that  only  the  experienced  eye  is  capable  of  rea^nizing  their  true 
character.  Pavement  epithelial  cells,  when  present,  are  derived 
from  the  anal  orifice. 

2.  Ijcucocytes  arc  almost  always  absent  in  normal  stools  or  present 
only  in  very  small  numbers. 

^.  Red  blood-corpuscles  in  very  small  numbers  are  occasionally 
observed  under  apparently  normal  conditions,  but  are  then  of  no 
significance. 
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4.  In  every  stool  a  large  number  of  structureless  granules  may 
he  seen,  lying  either  by  themselves  or  collected  into  hea|>s  ;  they  are 
designated  as  detritus. 

CiyBtals. — Needle-like  crystals  of  free  fatty  acidri,  and  the  calcium 
and  magnesium  salts  of  the  higher  members  of  tins  group,  occurring 
either  single  or  arranged  in  sheaves,  may  be  found  In  every  stool 
(Fig.  40).  They  are  of  no  significance,  unless  present  in  very  large 
numbers.  Xothnagel  speaks  of  the  frequent  occurrence  of  certain 
calcium  salts  (of  fatty  acids,  as  lie  believes)  in  normal  as  well  as 
pathologic  stool)!.  He  states  that  they  are  almost  always  bile-stained 
and  occur  in  irregular,  sometimes  elliptical,  oval,  or  circular  masses, 
in  which  a  crystalline  structure  cannot  be  distinguished.  They  are 
apparently  of  no  importance.  Quite  common,  also,  are  crt-stals  of 
neutral  calcium  phosphate  and  ammonio-maguesiuni  phospliate,  the 


former  occurring  in  the  form  of  more  or  less  well-defined  wedge- 
sliaj>ed  crystals,  collected  into  rosettes,  the  latter  presenting  the 
well-known  coffin-shape  when  the  stool  is  mushy,  while  in  firm 
stools  irregular  fragments  are  mostly  found.  At  one  time  the 
ammonio-magnesium  phosphate  crystals  were  supposed  to  be  charac- 
teristic of  typhoid  stools,  but  it  is  now  known  that  they  occur  in 
normal  feces,  as  well  as  under  the  most  varied  pathologic  conditions. 
Their  presence  is  of  no  diagnostic  significance.  It  is  important  to 
note  that  the  neutral  phosphates  arc  never  stained  by  bile-pignicnt, 
and  the  triple  phosphates  only  in  rare  instances.  Both  are  easily 
osluble  in  acetic  acid.  Crjstals  of  oxalate  of  calcium  may  be  fonnd 
in  abundance  following  the  ingestion  of  certain  vt^'tablcs,  such  as 
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sorrel  and  spinach.  They  are  usually  found  embedded  in  the  vege- 
table debris.  They  are  readily  recognized  by  their  characteristic 
envelope-form,  their  insolubility  in  acetic  acid,  and  their  solubility 
in  hydrochloric  acid.     Not  infrequently  they  are  bile-stained. 

Jjsictsite  of  calcium  is  frequently  seen  in  the  stools  of  children  receiv- 
ing a  milk-diet ;  they  occur  in  the  form  of  sheaves  composed  of  radi- 
ating needles.  Calcium  carbonate  is  rarely  observed,  but  occasion- 
ally occurs  in  the  form  of  amorphous  granules  or  dumb-bell  shaped 
crystals.  Calcium  sulphate  crystals  are  likewise  rare,  but  may  be 
produced  artificially  by  the  addition  of  sulphuric  acid,  when  beauti- 
ful needles  and  platelets  may  be  observed.  Cholesterin,  while  always 
present  in  solution,  is  rarely  observed  in  cr^'stalline  form  (Fig.  41). 
I  have  only  found  it  twice  in  several  hundred  examinations.  Hsema- 
toidin  crystals  are  never  found  in  normal  stools.  Charcot-Leyden 
crystals  may  be  found  under  pathologic  conditions  ;  according  to  my 
experience  they  are  never  seen  in  normal  stools. 

Parasites. — The  parasites  which  occur  in  normal  feces  may  be 
divided  into  vegetable  and  animal  parasites. 

Vegetable  Parasites. — These  are  always  present  in  enormous 
numbers.  What  relation  they  bear  to  the  process  of  digestion  is 
still  an  open  question.  Tlie  idea  held  by  Pasteur  and  many  others, 
that  animal  life  cannot  go  on  in  the  absence  of  bacteria  from  the  di- 
gestive tract  has  recently  been  disproved  by  Nuttall  and  Tierfelder. 
A  guinea-pig,  removed  by  Csesarean  section  from  the  uterus  of  the 
mother-animal,  under  antiseptic  precautions,  was  placed  in  a  ster- 
ilized glass  cage  and  nourished  for  a  week  with  sterilized  food.  The 
air  which  the  animal  breathed  was  likewise  sterilized.  During  this 
week  the  animal  consumed  about  330  c.c.  of  milk  and  appeared  to 
be  normal  in  every  respect.  At  the  expiration  of  the  week  it  was 
killed,  when  a  microscopic  examination  of  the  intestinal  contents  re- 
vealed the  entire  absence  of  bacteria.  Culture-experiments  also  were 
negative. 

Macfayden,  Nencki,  and  Sieber  likewise  found  that  their  now  so 
often  quoted  fistula  patient  continued  in  good  health,  and  even 
gained  flesh,  although  the  entire  large  intestine,  in  which  bacterial 
activity  is  always  greatest,  was  thrown  out  entirely  for  a  period  of 
many  weeks. 

Fungi. — Fungi,  with  the  exception,  perhaps,  of  the  oTdium  albi- 
cans, which  has  at  times  been  observed,  are  but  rarely  found  in  the 
feces. 

ScHizoMYCETRS. — Saccharomyccs  cerevisise  belongs  to  the  normal 
constituents  of  the  feces,  and  is  found  in  its  characteristic  forms, 
three  or  four  buds,  however,  being  but  ordinarily  observed.  Owing 
to  the  glycogen  present  in  their  substance,  they  assume  a  mahogany 
color   when  treated   with  a  sodium  of  iodo-potassic  iodide.     They 
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should  not  be  confounded  with  a  class  of  bacteria  which  closely  re- 
semble the  saccharomyces  in  general  appearance,  but  are  colored  blue, 
when  treated  in  the  same  manner  (see  below). 

Bacteria. — ^The  bacteria  are  the  micro-organisms  xaz  i^oyTJif 
which  are  found  in  the  feces.  Their  number  is  truly  enormous. 
Sucksdorff  thus  found  in  his  own  person  that  on  an  average 
53,124,000,000  were  eliminated  in  the  twenty-four  hours  under 
normal  conditions.  About  97  per  cent,  of  these  are  directly  derived 
from  the  ingested  food,  and  the  remaining  3  per  cent,  from  swal- 
lowed saliva.  If  we  recall  the  strongly  bactericidal  power  of  the 
gastric  juice,  such  an  observation  must  at  first  sight  appear  most 
surprising.  It  should  be  remembered,  however,  that  the  spores  of 
the  bacteria  are  far  less  susceptible  to  the  action  of  the  hydrochloric 
acid,  and  that  large  amounts  of  the  ingesta  are  carried  into  the  small 
intestine  at  a  time  already,  when  hydrochloric  acid  has  not  as  yet 
appeared  in  the  free  state. 

On  the  whole,  the  bacteriologic  flora  of  the  intestinal  contents  is 
fairly  constant,  but,  as  in  the  other  cavities  and  channels  of  the 
body  where  bacteria  are  invariably  met  with,  transient  guests  are 
also  not  uncommon.  The  majority  of  the  bacteria  which  are  here 
encountered  are,  as  a  general  rule,  harmless,  but  it  is  important  to 
note  that  under  suitable  conditions  a  number  of  these  may  develop 
pathogenic  properties.  Roughly  speaking,  the  bacteria  which  may 
be  normally  found  in  the  feces  can  be  divided  into  two  classes. 
Those  belonging  to  the  first  order  are  stained  a  yellow  or  a  yel- 
lowish-brown with  the  iodo-potassic  iodide,  while  those  belonging  to 
the  second  class  are  colored  blue  or  violet  by  the  same  reagent.  To 
the  former  belong  the  bacterium  termo,  the  bacillus  subtilis,  and  a 
large  number  of  micrococci ;  into  a  description  of  these  it  is  not 
necessary  to  enter  at  this  place.  Under  the  second  heading  v.  Jaksch 
describes  the  following  forms  : 

1.  Micrococci  occurring  in  the  zoogloea  stage,  which  are  colored 
a  violet-red. 

2.  Short,  thin  rods,  tapering  slightly  at  both  ends,  and  in  their 
microscopic  appearance  much  resembling  the  bacillus  of  the  septi- 
caemia of  mice  ;  sometimes  they  contain  one  or  two  little  bodies, 
which  are  not  stained  by  the  reagent. 

3.  Short  or  long  rods,  which  resemble  the  leptothrix  huccalis  in 
their  behavior  toward  iodo-potassic  iodide. 

4.  Bacilli  resembling  the  bacillus  subtilis. 

5.  Bacillus  butyricus.  This  micro-organism,  according  to  Brieger, 
is  the  cause  of  butyric-acid  fermentation.  It  occurs  in  the  form  of 
broad  rods  with  rounded-off  extremities,  but  may  also  bo  elliptical 
or  spindle-shaped.  With  Lngol's  solution  it  is  colored  blue  or 
violet,  either  entirely  or  only  in  its  central  [wrtion. 
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6.  Large  round  forms,  characterized,  when  unstained,  by  a  pale 
lustre,  and  which  very  much  resemble  yeast-cells  (see  above). 

7.  Micrococci,  which  assume  a  reddish,  but  not  very  pronounced 
tint. 

It  should  be  mentioned  that  this  second  class  of  micro-organisms 
is  not  so  largely  represented  in  the  feces  as  the  first. 

To  speak  more  specifically,  the  following  bacteria  have  thus  far 
been  isolated  from  the  feces :  the  bacillus  coli  communis,  bacterium 
lactis  aerogenes,  bacillus  subtilis,  proteus  vulgaris,  bacillus  putrificus 
coli,  bacillus  liquefaciens  ilei,  bacterium  ilei,  bacterium  ovale  ilei, 
bacillus  gracilis  ilei,  the  veil  Imcillus  of  Escherich,  bacillus  butyricus, 
bacillus  tJtpadel ;  streptococcus  coli  gracilis,  streptococcus  coli  brevis, 
streptococcus  liquefaciens  ilei,  streptococcus  pyogenes  duodenalis, 
staphylococcus  liquefaciens  albus,  staphylococcus  liquefaciens  flavus, 
micrococcus  ovalis,  the  porcelain-coccus  of  Escherich,  tetradenococcus. 
In  addition  various  other  bacteria  have  been  found,  but  have  not  as 
yet  been  obtained  in  pure  culture.  This  is  true  more  particularly 
of  certain  forms  of  spirillum. 

The  specific  pathogenic  bacteria  which  may  be  found  in  the  feces, 
as  well  as  those  above  mentioned,  which  may  at  times  develop  patho- 
genic properties,  will  be  described  in  detail  later  on. 

Animal  parasites  are  probably  never  present  under  strictly  normal 
conditions. 

Chemistry  of  Normal  Feces. 

Reaction. — The  reaction  of  the  feces  is  usually  alkaline,  sometimes 
neutral,  rarely  acid,  the  alkalinity  being  due  to  ammoniacal  fermen- 
tation, the  acidity  to  lactic-  and  butyric-acid  fermentation,  taking 
place  in  the  intestines.     In  infants  the  stools  are  normally  acid. 

(General  Composition. — The  following  table,  taken  from  Grautier, 
will  give  an  idea  of  the  composition  of  fresh  feces,  calculated  for 
1 ,000  parts  by  weight : 


Adult  man. 

Suckling 

Water 

.     733.00 

851.3 

Solids           .... 

.     267.00 

148.7 

Total  organic  material 

.     208.76 

137. 1» 

Total  mineral  material 

.       10.95* 

13.6 

Alimentary  residue 

.       83.00 

organic  material  yielded  : 

Aqueous  extract  .... 

.       53.40 

53.5 

Alcoholic  extract 

.       41.65 

8.20 

Ethereal  extract .... 

.       30.70 

17.6» 

^  Including  54  parts  of  mucin,  epithelium,  and  calcareous  salts. 
*  Xot  comprising  earthy  phosphates. 
3  Of  this,  3.2  is  cholesterin. 
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In  addition,  there  are  gases,  which  vary  in  quantity  according  to  the 
nature  of  the  food  ingested,  such  articles  as  beans,  heavy  bread,  pota- 
toes, etc.,  increasing  the  amount  very  considerably. 


Milk  diet. 
Per  cent 

^feat  diet. 
Per  cent. 

Vegetable  di 
Per  cent 

Carbon  dioxide 
Hydrogen 
Marsh  gas 
Nitrogen 

.        9-16 

.     43-54 

0.09 

.     36-38 

8-13 
0.7-3 
26-37 
45-64 

21-34 
1.5-4 
44-55 
10-19 

Of  these  gases,  carbon  dioxide  is  partly  referable  to  alcoholic  and 
butyric-acid  fermentation,  and  jiartly  to  albuminous  putrefaction, 
taking  place  in  the  intestines.  Marsh  gas  is  formed  during  the  fer- 
mentation of  cellulose,  while  the  nitrogen  has  been  partly  swallowed 
and  is  partly  referable  to  albuminous  putrefaction.  A  portion  also 
is  probably  derived  from  the  blood,  and  it  may  be  mentioned  in  this 
connection  that  the  enormous  quantities  of  carbon  dioxide  so  often 
discharged  in  cases  of  hysteria,  are  undoubtedly  referable  to  this 
source,  the  gas  passing  from  the  blood  through  the  gastro-intestinal 
mucous  membrane  into  the  stomach  and  intestines. 

In  order  to  give  a  general  idea  of  the  chemical  constituents  of  the 
feces  these  may  be  divided  into  : 

1.  Food-material,  which  could  be  assimilated,  but  which  was  taken 
in  excess,  such  as  starches,  fats,  and  a  small  amount  of  non-assimi- 
lated albuminous  material. 

2.  Indigestible  substances,  such  as  chlorophyll,  gums,  pectic  pro- 
ducts, resins,  various  coloring-matters,  nucleins,  chitin,  and  insolu- 
ble salts,  viz,  silicates,  sulj)hates,  earthy  phosphates,  ammonio-mag- 
nesium  phosphate,  etc. 

3.  Products  derived  from  the  digestive  canal,  as  mucus,  partly 
transformed  biliary  acids,  dyslysin,  cholesterin,  lecithin. 

4.  Substances  in  process  of  absorption,  as  emulsified  fats,  fatty 
acids,  leucin,  and  biliary  acids. 

5.  Products  of  decomposition,  referable  to  microbic  activity,  such 
as  fatty  acids,  comprising  the  entire  series  from  acetic  to  palmitic 
acid,  the  latter  being  especially  abundant ;  butyric  and  iso-butyric 
acid,  lactic  acid,  phenol,  cresol,  indol,  skatol,  excretin,  araido-acids, 
and  acidamides,  leucin  and  tyrosin,  phenyl-proprionic,  phony  1-acetic, 
hydroparacumaric,  and  parahydroxylphenyl-acetic  acid,  ammonium 
carbonate  and  ammonium  sulphide. 

6.  Products  of  metabolism  eliminated  through  the  intestines : 
urea,  uric  acid,  and  xanthin  bases. 

7.  Pigments  :  stercobilin,  hsematin,  hydrobilirubin,  coloring-mat- 
ter derived  from  the  blood,  and,  in  abnormal  conditions,  bile-pig- 
ments. 

8.  Water. 
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9.  Gases,  as  carbon  dioxide,  marsh  gas,  hydrogen,  and  nitrogen. 

The  study  of  these  substances  as  a  whole,  as  well  as  in  detail, 
is  of  great  importance,  not  only  from  the  standpoint  of  the  physiol- 
ogist, but  also  from  that  of  the  clinician,  giving,  together  with  a 
careful  urinary  analysis,  the  clearest  idea  of  the  metabolic  processes 
taking  place  in  the  body. 

The  chemical  study  of  the  feces,  however,  has  so  far  received  but 
little  attention,  and  data  of  practical  importance  have  scarcely  been 
obtained  from  the  work  accomplished.  The  field  is  nevertheless  an 
important  one. 

It  is  impossible  to  give  here  a  detailed  description  of  the  various 
chemical  constituents  which  have  been  mentioned.  Only  the  most 
important  ones  and  those  especially  interesting  from  a  physiologic 
and  pathologic  standpoint  will  be  considered. 

Phenol,  Lidol,  and  Skatol. — Tyrosiu,  produced  during  the  proc- 
ess of  albuminous  putrefaction,  and  also  during  tryptic  digestion, 
must  be  regarded  as  the  mother-substance  of  phenol,  cresol,  indpl, 
and  skatol.     It  may  be  represented  by  the  formula : 

The  relation  which  phenol,  cresol,  indol,  and  skatol  bear  to  tyro- 
sin  may  be  seen  from  the  following  formulae  : 

CH, 


C 

C'^H,        CH  =  C JI9N  ( Skatol ) . 

\/ 
NH 

CH 

QH,        CH   ^CjH.N  (Indol). 

\/ 
NH 

CJI,.CH,.OH  =  C-HgO  (Cresol). 
CeHj.OH  =  CeH,0  (Phenol). 


As  the  tyrosin,  however,  is  very  readily  decomposed,  it  is  usually 
not  found  in  the  feces,  but  the  products  of  its  decomposition  instead, 
viz,  the  phenols,  indol,  and  skatol. 

As  will  be  seen  more  especially  in  the  chapter  on  Urine,  these 
bodies,  after  having  undergone  oxidation,  unite  with  sulphuric  acid, 
or,  if  this  is  not  present  in  sufficient  amount,  wth  glycuronic  acid. 
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anti  are  oxoretetl  ;l<  phenol,  indoxvl,  and  skatoxyl  sulphates  or  glv- 
<Min»natos  in  thr  urine.  In  the  feces,  on  the  other  hand,  phenol, 
<TfS4>l,  indol.  an«l  skatiil  are  found  as  such.  From  these  they  may 
he  nhtaincil  in  the  followinjr  manner  : 

Tlif  f«'<^*s  are  dihittnl  witli  water,  acidified  with  phosphoric  acid, 
and  di>till«Ml.  The  volatile  fatty  acids  present,  together  with  phenol, 
indt>K  and  >katol,  pass  ovrr.  The  distillate  is  then  neutralized  with 
s<Mliuni  rarlM)nate  and  ainiin  distilk»d.  During  this  proce8s  phenol^ 
indf>K  and  skatol  pass  over,  the  fatty  acids  remaining  behind  as 
sodium  salts.  In  onler  to  separate  the  phenol  from  indol  and  skatol 
tho  <listillat('  is  alkalinized  with  ]>otassium  hydrate  and  again  distilled. 
The  pJHMiol  now  remains  behind,  and  may  be  obtained  in  pure  form 
l»y  <listillin^  with  sulphuric  acid  ;  in  this  final  distillate  its  presence 
may  br  demonstrated  by  the  following  reactions  : 

J.    With  pcrchl(»ride  of  iron  phenol  yields  an  amethyst-blue  color. 

*J.   With  bromine-water  a  crystalline  precipitate  of  tribromophenol 
is  obtained. 

:>.  Treated  with  Mil  Ion's  reagent — /.  (\,  the  acid  nitrate  of  mer- 
fiipv — ;i  ivd  color  develops. 

Ifidol  and  skatol  pass  over  after  treating  the  above  mixture  of 
hr  thn'('  with  j)otjissinm  hydrate  and  distilling.  These  two  bodies 
WW  thru  br  -(■|)arat('d  iVoni  each  other  by  taking  advantage  of  their 
lillVn'rit  drgrri-s  of  solubility  in   water. 

/,/Jo/  fonn<..-rnall  plates,  melting  at  ">2^^  (\,  which  are  easily  soluble 
II  JK.t  water,  alrnliob  and  ctluT  :   its  odor  is   feculent. 

b'ractions  of  indol  ;    1.    When  treated  with  nitric  acid  and  a  little 
odium  nitrite  a  r-rystaiiiiie,  hmI  precipitate  ot*  the  nitrate  of  nitroso- 
„flr,|    i-=  obt:iiried."    '2.    A  -inall   piece  ot"  piui^woiKl,  moistened  with 
n    alrohojie    -olurion   «»f  indol,  aciditicil    witii    liydi\>ehloric   acid,  is 
r,Ir,red  a  r'fjerry  red. 
Shffo/  (Tv-tailize^  in  j.lite-.  which  nich  M  !^.'»^  ( '.     They  are  soluble 
ifli  more  ijitliculry  in  water  than  indi»l,and  emit  a  teculent  odor. 
f.'ejietion-  of  skatul  :     I.    Wiih  iriric  .icid  aiu\  -.vnlium  nitrite  onlv 
mllkv  /-londin-s^  re^nlr-..      -.    Th'-c  ^kaiel  d.v-^  not  yield  any  color 
iri,    nin'-U"''d    niMJ^ton-i  w?tli    hN  Jro.'ilvwi,.   ^clvl  ;   but  if  a  bit  of 
...  .voorl  i-   :.atunired    \^hh  a  diiiiic   .ilv'-'-^lic  -^.M^Mi,.:!  ot*  skatol  and 
.e„    imriier-'d   in   .troii-  liNdpK-lv.M-c   u-A.  m    'v-^ip-c^  a  cherry-red 
vl    h.rera  bhii-h-vi..lvt    coi.--.       '.     W  -  >    •'••••.■   .u-a    ot'  a   sjxx^ific 

r;i-  ;*■-   '.f  l.li  ir  -ivc-  a  m.nlvc.l  \  :••-• i-  '^  -v.;   v.-.  ,»jt  U»iUng — 

...  r.  yei!.,w-  e,.!or  wi-icJ;    ti--.  ^.'    c-c.-.-    '■^k-l    ;  -,•    .uMition  of  an 

TI.e   .J..n.r:;i^:^:in.-i    '^f  c-e^.-:  ■-    ^''•-  »'"    ^  •  -  ■    '-v-..\  roj^ther 

;r[.  -.in.-h    i^    i^   .. drained.  .-,  ^;^•^■••    •'"  ^       "  '  ■  -  vt'  these 

.l,.r;,:,r-*..  nr-  i.rese-nr,  a  di'Vvo^i    ^'  '■  ^  "■  V^      v-   -viMi-ated 

on.    '-iwU    orijer    by    tran^t^rtn-c.;    ^s'^^'  '•'^^'     ■  "  —  acui^,  the 
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barium   salt  of  para-sulpho-phenol    being  practically  insoluble  in 
barium  hydrate. 

Fatty  Acids. — The  fatty  acids  present  in  the  feces,  as  well  as  the 
relation  existing  between  these,  are  shown  in  the  table  below.  The 
formula  C^Hj^^iCOOH  or  C„Hj„0,  expresses  their  general  struc- 
ture. 


Formic  acid 

Acetic      ** 

Proprionic  acid 

Kutvric 

Isobutyric 

Valerianic 

Caproic 

Capric 

Palmitic 

Stearic 


H.C(X)H   . 

CHj.COOH 

CH3.CH2.COOH 

CHs.(CH2),.CX)0H 

(CH,),.CH.COOH 

CH3/(CH,)3.CO(3H 

CH3.(CH2),.a)OH 

CIl3.(CH,)8.COOH 

CIl3.(CH,)u.C0<)H 

CH3.(CH^)ig.COOH 


C  H2O2 
Cj  H4  ()j 
Cs  H5  O, 


These  acids  are  derived  partly  from  fats,  partly  from  carbohy- 
drates, and  to  some  extent  also  from  proteids. 

Separation  of  the  fatty  acids  from  the  feces  :  If  the  distillate,  neu- 
tralized with  sodium  carbonate,  referred  to  in  the  above  method,  is 
again  distilled,  the  sodium  salts  of  the  fatty  acids  remain  behind  : 

2C,5H3,.COOH  +  Na2C03  =  2C15Hs1.COO.Na  +  HjO  +  CO,. 

The  solution  is  then  evaporated  to  dryness  on  a  water-bath,  the 
residue  extracted  with  alcohol,  the  alcohol  evaporated,  and  the  final 
residue  dissolved  in  water.  This  solution  may  now  be  further  ex- 
amined. In  order  to  separate  the  different  fatty  acids  from  each 
other  it  is  best,  if  the  quantity  is  sufficiently  large,  to  transform 
them  into  their  silver  or  barium  salts,  and  to  separate  these  by  their 
varying  degrees  of  solubility  in  water,  or  by  fractional  distillation. 

General  properties  of  the  fatty  acids :  They  are  all  monobasic, 
soluble  in  water,  alcohol,  and  ether.  Their  alkaline  salts  are  readily 
soluble  in  water  and  alcohol,  but  insoluble  in  ether.  The  silver  salts 
are  dissolved  with  difficulty. 

1.  Formic  acid  is  a  colorless  liquid,  of  a  penetrating  odor,  boiling 
at  100°  C\  A  concentrated  solution  of  its  alkaline  salts  is  precipi- 
tated by  silver  nitrate ;  the  silver  salt  becomes  black  on  standing, 
and  reduction  takes  place  at  once  upon  the  application  of  heat. 
Treated  with  perchloride  of  iron  in  a  neutral  solution  it  yields  a 
blood-red  color,  which  disappears  on  boiling,  while  a  rust-colored 
precipitate  is  formed  at  the  same  time. 

2.  Acetic  acid  is  a  liquid  of  a  pungent  odor,  which  boils  at 
119°  C.  After  neutralization  a  blood-red  color  is  obtained  on  the 
addition  of  perchloride  of  iron.  Neutral  solutions  of  its  salts  with 
the  alkalies  yield  a  precipitate  with  nitrate  of  silver,  which  is  soluble 
in  hot  water,  without  reduction  taking  place. 
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3.  Proprionic  acid  is  an  oily  fluid,  boiling  at  117°  C.  With  per- 
chloride  of  iron  no  red  color  results ;  with  silver  nitrate  it  behaves 
like  formic  acid. 

4.  Butyric  acid  is  an  oily  liquid,  boiling  at  137°  C. ;  its  odor  is 
similar  to  that  of  rancid  butter.  Its  salts,  when  treated  with  an 
acid,  give  off  the  characteristic  odor;  with  perchloride  of  iron  it 
yields  no  red  color  ;  with  silver  nitrate  its  alkjJine  salts  form  a  crys- 
talline precipitate  which  is  insoluble  in  cold  water. 

5.  Valerianic  acid  boils  at  176.3°  C,  and  has  a  penetrating,  dis- 
agreeable odor.  Its  silver  salt  crystallizes  in  plates,  which  are  solu- 
ble with  diflBculty. 

Cholesterin. — Cholesterin  (CggH^O)  occurs  in  small  amounts  in 
almost  all  animal  fluids.  It  is  also  found  in  various  tissues  of  the 
body,  especially  in  the  brain.  Its  origin  and  mode  of  formation  in 
the  various  organs  of  the  body,  as  well  as  the  cause  of  its  presence 
in  the  alimentary  canal,  are  as  yet  unknown.  It  crystallizes  in 
colorless,  transparent  plates,  the  margins  and  angles  of  which  usually 
present  a  ragged  appearance  (Fig.  41).  It  is  soluble  in  water,  dilute 
acids,  and  alkalies.  In  boiling  alcohol  it  is  readily  soluble  and 
»  crystallizes  out  from  this  solution  on  cooling ;  it  is  likewise  easily 
soluble  in  ether,  chloroform,  and  benzol. 

In  order  to  obtain  cholesterin  from  the  feces,  in  which  it  is  always 
present,  though  rarely  in  crystalline  form,  the  fatty  acids,  phenols, 
indol,  and  skatol  must  first  be  distilled  off,  as  described,  when  the 

Fio.  41. 


^^-  -1^  ~_^ 


Cholesterin  crystals. 


residue  is  strongly  acidified  with  sulphuric  acid,  extracted  with 
alcohol,  and  then  with  ether.  The  ethereal  extract  is  filtered,  tlie 
ether  distilled  off,  and  the  residue  digested  with  carbonate  of  sodium, 
in  order  to  transform  any  fatty  acids  which  may  still  l)e  present  into 
their  salts.     This  mixture  is  then  evaporated  to  dryness,  and  again 
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extracted  with  ether.  The  alcoholic  extract  above  mentioned  is  also 
filtered,  supersaturated  with  sodium  carbonate,  the  alcohol  distilled 
off,  the  residue  dissolved  in  water,  and  likewise  extracted  with  ether. 
In  the  watery  alkaline  residue  there  remain  bile  acids,  oleic,  palmitic, 
and  stearic  acids,  which  can  be  separated  by  transforming  them  into 
their  barium  salts.  The  cholesterin  and  fats  pass  over  into  the 
ether.  This  is  distilled  off  and  the  residue  treated  with  an  alcoholic 
solution  of  potassium  hydrate.  The  alcohol  is  evaporated  on  a 
water-bath,  the  remaining  liquid  diluted  with  water,  and  again  ex- 
tracted with  ether.  The  fats  remain  in  the  aqueous  solution  as 
soaps,  while  the  cholesterin  has  passed  into  the  ether. 

Tests  for  cholesterin  :  1.  Under  the  microscope  add  a  drop  of 
concentrated  sulphuric  acid  to  some  of  the  crystals ;  they  gradually 
disappear,  the  edges  assuming  a  yellowish-red  color. 

2.  Dissolve  a  few  crystals  in  chloroform,  add  concentrated  sul- 
phuric acid,  and  shake  the  mixture  :  the  chloroform  assumes  a  blood- 
red  to  a  pui'plish-red  color,  while  the  sulphuric  acid  at  the  same  time 
shows  marked  fluorescence. 

The  solution  of  soaps  obtained  above  is  acidified  with  dilute  sul- 
phuric acid,  when  the  fatty  acids,  which  have  separated  out,  may  be 
filtered  off  and  identified  individually  by  their  boiling  points  and  the 
analysis  of  their  barium  salts. 

The  final  filtrate,  when  neutralized  with  ammonium  hydrate,  con- 
tains glycerin. 

The  Biliary  Acids. — The  biliary  acids  found  in  the  feces  are : 
Glycocholic  acid  (CggH^NOg),  taurocholic  acid  (CggH^NSO^),  and 
cholalic  acid  (Cg^H^O,,). 

The  two  former  occur  uormally  in  the  bile,  and  can  be  decomposed 
into  eholalic  acid  and  glycocoll,  and  cholalic  acid  and  taurin  respec- 
tively ;  as  this  process  of  decomposition  takes  place  ordinarily  in  the 
intestines,  the  third  acid — /.  c,  cholalic  acid — is  always  found  in  the 
feces. 

In  order  to  demonstrate  the  biliary  acids,  the  fatty  acids,  phenols, 
indol,  and  skatol  arc  first  removed  by  distillation  with  phosphoric 
acid.  The  residue  is  taken  up  with  water  and  boiled,  and  the  filtered 
liquid  precipitated  with  acetate  of  lead  and  a  little  ammonium  hy- 
drate. The  biliary  salts  of  lead  are  contained  in  the  precipitate, 
from  which  they  can  be  removed  by  washing  with  water  and  finally 
boiling  the  precipitate  with  alcohol.  The  washings  are  filtered  and 
the  lead  salts  transformed  into  sodium  salts  by  treating  the  filtrate 
with  sodium  carbonate.  After  further  filtration  the  filtrate  is  evapo- 
rated to  drj'uess  and  the  residue  extracted  with  hot  alcohol.  Upon 
evaporation  the  salts  of  the  acids  sometimes  crystallize  out  as  such, 
while  more  often  a  dirty  amorphous  precipitate  is  obtained,  which 
may  be  rendered  crystalline  by  treating  with  ether.      The  amor- 
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pbous  residue,  however,  can  be  employed  for  making  the  necessary 
tests. 

Pettenkofer's  test :  A  small  amount  of  the  substance  is  dissolved 
in  water,  and  treated  with  two-thirds  of  its  volume  of  concentrated 
sulphuric  acid,  care  being  taken  that  the  temperature  does  not  exceed 
60°  or  70°  C.  While  stirring,  a  10-per-cent.  solution  of  cane-sugar 
is  added,  drop  by  drop.  If  biliary  acids  are  present,  the  solution 
assumes  a  beautiful  red  color,  which  on  standing  turns  a  bluish- violet. 
This  test  depends  upon  the  action  of  furfurol,  derived  from  the  sul- 
phuric acid  and  cane-sugar,  upon  the  biliary  acids. 

Pigments. — Among  the  pigments  present  in  normal  feces  ster- 
cobilin  and  hydrobilirubin  must  be  considered. 

Stercobilin  is  spoken  of  by  Grautier  as  the  principal  coloring-mat- 
ter of  the  feces,  and  is  derived  from  bilirubin  by  a  process  of  reduc- 
tion. Owing  to  its  great  similarity  to  hydrobilirubin  it  has  even 
been  said  to  be  identical  with  this.  It  has  been  obtained  by  extract- 
ing the  feces  with  acidulated  alcohol ;  this  extract  is  diluted  with 
water  and  shaken  with  chloroform,  which  dissolves  the  pigment. 

The  difference  between  stercobilin  and  hydrobilirubin  appears  to 
be  a  spectroscopic  one,  the  spectrum  of  the  former,  when  treated 
with  chloride  of  zinc  and  ammonium  hydrate,  giving  rise  to  four 
bands  of  absorption,  while  only  three  are  obtained  with  hydrobili- 
rubin. The  pronounced  green  fluorescence,  however,  is  common  to 
both. 

By  means  of  the  spectroscope  it  is  also  possible  to  distinguish  be- 
tween normal  urobilin  and  stercobilin ;  the  latter  is  possibly  identi- 
cal with  the  pathologic  urobilin  observed  in  febrile  urines. 

Hydrobilirubin  is  identical  with  the  urobilin  of  Jaff6  and  the  febrile 
urobilin  of  MacMunn,  and  shows  three  bands  of  absorption,  as  has 
just  been  mentioned.  Its  chemical  formula  is  C^^H^^.N^O..  According 
to  V.  Jaksch,  it  is  obtained  in  the  same  manner  as  stercobilin. 

PATHOLOGY   OF   THE   FECES. 

General  Characteristics. 

Number  of  Stools. — As  has  been  pointed  out  (p.  192),  one  or 
two  stools  in  the  twenty-four  hours  may  be  considered  as  normal. 
Individual  peculiarities,  however,  must  be  taken  into  consideration. 

As  the  consistence  of  the  stools  is  altered  in  diarrhpn^  this  condi- 
tion may  Ixi  defined  as  one  in  which  too  frequent  and  li(jiiid  pjissages 
occur,  while  the  reverse  holds  good  for  eoiiHtipation,  the  consistence 
of  the  stools  in  this  condition  being  usually  also  altered. 

The  term  obstruction,  on  the  other  hand,  denotes  a  state  of  affairs 
in  which  no  stools  are  voided.     In  a  general  way  it  may  be  said  that 
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whatever  causes  give  rise  to  increased  peristalsis  likewise  produce 
diarrhoea,  and  that  whatever  causes  diminish  peristalsis  give  rise  to 
constipation.  In  the  former  condition  the  number  of  stools  may  vary 
from  one  to  thirty,  forty,  or  even  fifty  in  the  twenty-four  hours,  as 
in  Asiatic  cholera.  The  consistence  of  the  stool  when  only  one  is 
passed  in  the  twenty-four  hours  will,  of  course,  decide  the  question 
whether  the  case  should  be  regarded  as  one  of  diarrhoea  or  not.  One 
stool  passed  in  the  twenty-four  hours  may  under  certain  conditions 
be  regarded  as  a  symptom  of  constipation,  but  more  commonly  this 
term  is  applied  to  a  condition  in  which  a  stool  occurs  only  every 
two,  three,  four,  or  more  days. 

Oonsistence  and  Form. — ^The  consistence  of  the  stools  may 
undergo  variations,  which  run  a  course  parallel  to  their  number. 
They  may  be  thin,  mushy,  and  even  watery. 

In  constipation,  on  the  other  hand,  owing  to  an  increased  absorp- 
tion of  water,  the  feces  may  be  passed  as  very  hard  and  perfectly 
dry,  roundish,  scybalous  masses,  the  rotundity  of  which  is  undoubt- 
edly referable  to  their  long  sojourn  in  the  haustra  of  the  colon.  The 
individual  scybala  usually  vary  in  size  from  that  of  a  hazelnut  to  that 
of  a  walnut,  and  are  frequently  provided  with  one  or  two  indentations 
which  represent  impressions  of  the  teenise  of  the  colon.  Still  smaller 
masses,  closely  resembling  the  dejecta  of  sheep,  may  also  be  seen. 
Their  presence  was  formerly  regarded  as  characteristic  of  stricture 
of  the  colon,  but  they  are  likewise  found  in  ordinary  cases  of  chronic 
constipation.  Fecal  ribbons,  and  columns  of  the  diameter  of  a  pen- 
cil are  found  in  cases  of  enterospasm  of  neurotic  origin,  as  well  as 
in  stricture  of  the  colon. 

Amount. — The  absolute  amount  of  feces  voided  in  the  twenty- 
four  hours  bears  an  inverse  relation  to  the  number  of  stools  and  their 
consistence,  providing,  of  course,  that  no  abnormally  large  ingestion 
of  food  has  occurred.  In  that  case  an  abnormally  large  stool  of 
moderate  firmness  may  be  passed.  Two  exceptions  must,  however, 
be  noted  to  this  rule — i.  e,,  the  passage  of  large  quantities  of  firm 
feces,  following  an  attack  of  constipation  of  long  duration  or  an 
attack  of  severe  obstruction. 

Odor. — As  the  normal  offensive  odor  of  the  feces  is  largely  due  to 
products  of  intestinal  putrefaction,  an  increase  in  this  respect  will 
naturally  be  referable  to  conditions  in  which  the  putrefactive  proc- 
esses are  increased.  A  most  disagreeable  odor  is  thus  met  with  in 
the  so-called  acholic  stools.  The  odor  of  fatty  acids  is  observed  in 
the  lighter  grades  of  infantile  diarrhoea,  while  a  markedly  putrid 
odor  is  associated  with  its  severer  forms.  A  very  characteristic, 
sperm-like  odor  is  further  noted  in  the  stools  of  cholera  owing  to  the 
presence  of  considerable  quantities  of  cadaverin.  A  truly  rotten 
stench  is  present  in  the  gangrenous  form  of  dysentery,  and  in  carcino- 
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matous  and  syphilitic  ulceration  of  the  rectum.  An  ammoniacal  odor 
is  due  to  an  admixture  of  urine  undergoing  ammoniacal  decomposition. 

Reaction. — ^The  reaction  of  the  stools  is  variable  under  patho- 
logic conditions  and  of  no  diagnostic  importance.  In  typhoid  fever, 
it  is  true,  an  alkaline  reaction  is  so  constantly  met  with  that  this 
symptom  could  possibly  be  of  some  value  in  doubtful  cases.  Un- 
fortunately, however,  it  may  also  be  neutral,  amphoteric,  and  even 
acid.  In  acute  infantile  diarrhoea  an  acid  reaction  is  the  rule,  but 
exceptions  are  also  not  infrequent. 

Oolor. — The  color  of  the  feces  in  disease  may  var}'  a  great  deal. 
When  unaltered  bile  is  present,  the  stools  may  assume  a  golden- 
yellow,  a  greenish-yellow,  or  even  a  green  color.  In  cases  of  biliary 
obstruction  or  suppression,  on  the  other  hand,  they  become  pasty 
and  have  a  grayish  or  even  a  white  color.  This,  however,  is  not  so 
much  due  to  the  absence  of  coloring-matter  derived  from  the  bile,  as 
to  an  insufficient  absorption  of  fats,  as  was  shown  by  Striimpell,  who 
succeeded  in  obtaining  stools  of  a  light-brown  color  after  feeding 
patients  affected  with  catarrhal  jaundice  upon  a  diet  containing 
minimal  amounts  of  fat.  Such  acholic  or  colorless  stools,  as  it  would 
be  better  to  say,  are  not  only  found  associated  with  biliary  obstruc- 
tion, however,  but  may  also  occur  when  the  ducts  are  patent.  They 
have  thus  been  observed  in  various  cases  of  leukaemia,  carcinoma  of 
the  stomach  or  intestine,  in  simple  infantile  enteritis,  chronic  nephri- 
tis, chlorosis,  scarlatina,  tubercular  enteritis,  and  especially  frequently 
in  debilitated  consumptives  and  in  cases  of  chronic  tubercular  peri- 
tonitis in  children.  In  some  of  these  conditions,  as  in  tuberculosis 
of  the  intestines  and  of  the  peritoneum,  the  lack  of  color  is  probably 
due  to  a  diminished  absorption  of  fats.  In  other??,  however,  this  ex- 
planation does  not  hold  good,  as  abnormally  large  amounts  of  fat  are 
not  necessarily  present.  In  such  cases  the  lack  of  color  is  probably 
referable  to  the  formation  of  colorless  decora}X)sition-products  of  bili- 
rubin, such  as  the  leuko-urobilin  of  Nencki,  but  nothing  definite  is 
as  yet  known  of  the  conditions  which  favor  the  formation  of  these 
products.  In  this  connection  it  may  be  interesting  to  note  that  in 
those  cases  in  which  the  biliary  ducts  are  patent  the  color  of  the 
stools  may  vary  not  only  from  day  to  day,  but  even  within  the 
twenty-four  hours.  A  neurasthenic  patient  occurring  in  my  practice 
thus  passed  an  acholic  stool  almost  every  morning  and  usually  colored 
feces  in  the  afternoon,  for  a  period  of  several  weeks. 

Generally  speaking,  the  color  of  the  stools  becomes  lighter  the 
larger  the  number  of  movements,  and  tnce  versa.  In  Asiatic  cholera 
and  dysentery  they  may  thus  be  colorless,  while  in  severe  constipation 
the  scybalous  masses  are  almost  black. 

If  blood  is  present,  the  stools  may  present  a  scarlet-red,  a  dirty 
brownish-red,  a  coffee,  or  even  a  perfectly  black  color.     Adherent 
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blood,  usually  bright  red  in  color  and  found  on  scybalous  masses,  is 
probably  always  derived  from  the  rectum  or  anus,  while  a  change  in 
color,  indicating  an  earlier  date  of  the  bleeding,  usually  points  to  the 
colon. 

An  intimate  admixture  of  blood  to  the  stool,  the  color  being  at  the 
same  time  altered,  so  as  to  vary  from  a  brownish-red  to  black  (owing 
to  the  presence  of  sulphide  of  iron),  is  indicative  of  hemorrhage  into 
the  stomach  or  the  small  intestine.  The  darker  the  color  of  the 
blood  the  more  remote  from  the  anus  will  be,  as  a  rule,  the  seat  of 
the  hemorrhage.  Black  or  coflFee-colored  stools  are  thus  observed  in 
cases  of  ulcer  of  the  stomach  or  of  the  duodenum,  in  melsena  neona- 
torum, and  similar  conditions. 

When  profuse  intestinal  hemorrhages  take  place,  however,  as  in 
8i>me  cases  of  typhoid  fever  and  meleena,  and  particularly  when 
diarrhoea  exists  at  the  same  time,  the  blood  which  appears  in  the 
stools  may  be  changed  but  very  little  or  Aot  at  all. 

While,  as  a  rule,  simple  inspection  or  a  microscopic  examination 
of  the  feces  will  determine  whether  or  not  blood  is  present,  it  may 
at  times  be  necessary  to  resort  to  more  delicate  tests,  as  the  hemor- 
rhage may  have  been  so  slight  as  to  escape  detection  with  the  naked 
eye,  or  so  far  removed  from  the  anus  that  blood  shadows,  even,  can- 
not be  found  with  the  microscope.  Hemorrhages  of  such  trivial  extent 
have  been  reported  by  Hiisslin  as  occurring  quite  frequently  in  cases 
of  chlorosis.  This  statement,  however,  I  have  not  been  able  to  con- 
firm. If  an  investigation  in  this  direction  is  to  be  made,  the  method 
of  Miiller  and  Weber  (see  p.  183),  or  that  of  Korczynski  and 
Jaworski  should  be  employed. 

Korczynski  and  Jaworski's  Test. — A  small  amount  of  the  fecal 
material  is  treated  with  a  pinch  of  potassium  chlorate  and  a  drop  of 
concentrated  hydrochloric  acid.  The  mixture  is  carefully  heated 
until  it  has  become  decolorized,  more  hydrochloric  acid  being  added 
if  necessary.  The  chlorine  is  then  driven  off,  when  one  or  two  drops 
of  a  dilute  solution  of  potassium  ferrocyanide  are  added.  In  the 
presence  of  blood-coloring  matter  a  distinct  blue  color  is  obtained, 
owing  to  the  formation  of  Prussian  blue. 

An  admixture  of  p\m  in  notable  amounts  also  gives  rise  to  a 
characteristic  color,  as  is  seen  in  cases  of  dysentery,  syphilitic  and 
carcinomatous  ulceration  of  the  colon  and  rectum,  following  the  per- 
foration of  a  parametritic  or  periproctitic  abscess  into  the  rectum,  etc. 

Carter  and  MacMunn  have  recently  pointed  out  that  at  times  a 
chromogen  may  be  present  in  the  feces,  which  on  exposure  to  the 
air  is  transformed  into  a  red  pigment,  simulating  blood  coloring 
matter.  They  report  three  cases  in  which  this  was  observed.  Mac- 
Munn expresses  the  opinion  that  the  substance  in  question  is  closely 
related  to  stercobilin.  The  stools  showed  streaks  of  red  upon  the 
14 
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surface,  and  after  further  exposure  and  repeated  agitation  turned  a 
pronounced  blood-red  throughout. 

Green  stools  are  observed  especially  in  infants,  and  may  he  refer- 
able to  two  different  causes,  being  dependent  on  the  one  hand  u[K)n 
the  presence  of  a  bacillus,  described  by  I^e  Sage,  which  produces  a 
green  coloring-matter,  while  on  the  other  it  may  be  referable  to 
biliverdin.  When  green  stools  occur  frequently  this  condition  is 
associated  with  the  clinical  symptoms  of  a  severe  cholera  infantum. 
Such  stools  have  also  been  noted  in  dysentery,  referable  to  an  infec- 
tion with  the  bacillus  pyocyaneus. 

Quite  characteristic  also  are  the  ipecacuanha  stools,  which  closely 
resemble  the  so-called  acholic  stools.  The  green  color  produced  by 
calomel,  the  yellow  by  santonin,  rheum,  and  senna,  the  black  by  iron, 
manganese,  and  bismuth,  have  already  been  mentioned  (see  p.  193). 

macroscopic  Constituents. 

Alimentary  Constituents. — After  having  thus  considered  the 
number  of  stools,  their  consistence,  reaction,  odor,  and  color,  it  is 
necessary  to  look  for  gross  admixtures,  and  esixHjially  for  the  presence 
of  undigested  food-material,  such  as  pieces  of  meat,  flakes  of  casein, — 
this  especially  in  the  stools  of  children, — and  fragments  of  amyla- 
ceous food.  The  oceurrence  of  such  a  condition,  constituting  what 
was  formerly  known  as  lientery,  is  always  indicative  of  disturbed 
intestinal  or  gastric  digestion,  or  both.  It  is,  hence,  obser\'ed  in 
cases  of  chronic  intestinal  catarrh,  febrile  dysj^epsia,  following  the 
use  of  cathartics,  etc. 

Occasionally  also,  a  condition  of  aflliirs  is  seen  in  which  almost 
unaltered  food  in  large  amounts  is  found  in  the  feces,  owing  to  a 
direct  communication  between  the  stomach  and  the  colon,  as  in  cases 
of  perforating  ulcer  or  carcinoma  of  the  stomach. 

When  fat  is  present  in  abnormally  hirge  amounts  it  can  usually 
be  recognized  with  the  naked  eye.  To  this  condition  the  term 
steaiorrluva  has  been  applied.  In  typical  cases  the  fat  is  seen  in  the 
form  of  whitish  or  grayish  masses,  varying  in  size  from  that  of  a 
pea  to  that  of  a  walnut,  which  are  more  or  less  intimately  mixed  with 
the  fecal  material,  and  may  at  first  sight  be  mistaken  for  flakes  of 
casein.  From  these,  it  may  be  distinguished,  however,  by  its  chem- 
ical reactions  and  its  peculiarly  glistening  apjx^arance.  In  other 
cases  stools  mav  be  seen  in  which  the  fecal  column  is  covered,  to  a 
greater  or  less  extent,  with  a  grayish,  dense,  asbestos-like  substance, 
while  the  core  itself  presents  the  usual  color.  Nothnagel  states  that 
this  ap{)earance  is  referable  to  the  congeal ment  of  the  fat,  when  it  is 
exposed  to  a  lower  temperature  than  that  of  the  l)ody.  I  have  re- 
j^atedly  observed  this  appearance,  however,  in  stools  which  had  just 
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been  voided  and  were  still  warm.  The  passage  of  liquid  oil  in  the 
absence  of  fecal  material  has  also  been  recorded,  but  it  seems  doubt- 
ful that  the  oil  in  such  cases  entered  the  body  by  the  mouth.  Fol- 
lowing the  use  of  oil  enemata  such  stools  are,  of  course,  seen. 

The  elimination  of  abnormally  large  quantities  of  fat  may  be  due 
to  the  ingestion  of  correspondingly  large  amounts.  More  frequently, 
however,  it  is  referable  to  distinct  pathologic  conditions.  A  stea- 
torrhcea  will  thus  naturally  occur  when  an  insufficient  supply  of  bile 
is  jx)ured  into  the  small  intestine,  and  is  hence  constantly  observed 
in  cases  of  biliary  obstruction.  In  these  cases,  however,  the  micro- 
scope is  usually  necessary  to  demonstrate  the  presence  of  the  abnor- 
mally large  quantities  of  fat.  True  steatorrhoea,  on  the  other  hand, 
viz,*^the  presence  of  fat  recognizable  with  the  naked  eye,  is  more 
commonly  met  with  in  diseases  aflTecting  the  resorptive  power  of  the 
small  intestine,  such  as  extensive  atrophy  or  amyloid  degeneration 
of  the  intestinal  mucosa,  tubercular  ulceration,  etc.,  or  in  diseases 
involving  the  integrity  of  the  lymphatic  glands  and  vessels  of  the 
mesentery,  as  in  chronic  tubercular  peritonitis,  caseous  degeneration 
of  the  mesenteric  glands,  etc.  In  simple  catarrhal  conditions,  how- 
ever, steatorrhoea  may  also  occur,  and  not  only  in  infants,  but,  ac- 
cording to  my  experience,  also  in  adults.  The  question  whether  or 
not  steiitorrha?a  is  constantly  observed  in  cases  of  pancreatic  disease, 
as  some  observers  have  claimed,  may  now  be  answered  in  the  nega- 
tive, although  it  must  be  admitted  that  the  two  conditions  are  very 
frequently  associated.  Le  Nobel,  who  has  recently  investigated  this 
subject,  arrived  at  the  conclusion  that  the  steatorrhoea  in  itself  is  of 
little  practical  importance,  but  that  its  association  with  the  absence 
of  products  of  putrefaction  from  the  stools,  the  absence  of  the  salts 
of  the  fatty  acids,  and  the  presence  of  maltose  in  the  urine,  may 
possibly  be  regarded  as  indicating  the  existence  of  pancreatic  disease. 

Mucus  and  Mucous  Cylinders. — As  long  as  mucus  occurs  in 
small  {)articles  only,  adherent  to  otherwise  normal  feces,  it  is  of  no 
pathologic  significance.  Larger  amounts  are  almost  always  indica- 
tive of  a  catarrhal  condition  of  the  colon  or  rectum,  no  matter 
whether  the  stool  is  otherwise  normal,  or  whether  diarrhoea  exists  at 
the  time.  Peculiar  formations  are  occasionally  seen,  viz,  so-called 
mucouH  cylinders,  which  are  passed  in  large  or  small  fragments  in  a 
condition  which  has  been  described  by  Nothnagel  as  enteritis  mem- 
branosa,  or  colica  mucosa.  Such  masses,  which  at  times  measure  a 
foot  or  more  in  length,  are  ribbon-  or  net-shaped,  and  are  frequently 
passed  in  the  absence  of  fecal  matter,  with  severe  tenesmus.  They 
closely  resemble  Curschmann's  spirals,  but  lack  the  central  thread 
and  the  Charcot- Ley  den  crystals.  They  are  probably  indicative  of 
chronic  constipation,  associated  with  catarrh  of  the  colon.  Not  to 
be  confounded  with  this  condition  is  the  passage  of  masses  of  mucus, 
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which  do  not  present  the  cylindrical  form,  but  which  also  may  be 
passed  with  a  great  deal  of  tenesmus  and  in  the  absence  of  fecal  mat- 
ter ;  this  is  very  commonly  seen  in  cases  of  nephroptosis,  associated 
with  gastroptosis  and  enteroptosis.  These  formations  are  in  all 
probability  also  referable  to  a  catarrhal  condition  of  the  colon.  In 
cholera  Asiatica  particles  of  mucus  are  seen  which  resemble  grains  of 
rice ;  their  presence  was  formerly  regarded  as  characteristic  of  the 
disease,  but  they  are  now  known  to  occur  in  ordinary  catarrhal  con- 
ditions also. 

Biliary  and  Intestinal  Ooncretions. — Most  important  from  a 
diagnostic  standpoint  is  the  examination  of  the  feces  for  the  presence 
of  biliary  concretions,  which  should  never  be  neglected  in  cases  of 
colicky  abdominal  pain  of  doubtful  origin,  whether  associated  with 
jaundice  or  not. 

When  searching  for  gallstones  the  feces  should  be  stirred  with 
water  and  passed  through  a  fine  sieve.  Biliary  concretions  may  then 
be  found  as  small,  crumbling  masses,  or  as  hand  stones  presenting  an 
irr^ular  contour  or  the  smooth,  characteristic  facets.  In  size  they 
may  vary  from  that  of  a  millet-seed  to  that  of  a  pigeon's  egg ;  large 
stones  are  but  rarely  passed  by  the  bowel  unless  perforation  has 
occurred  into  the  intestines  and  usually  into  the  colon. 

Some  calculi  consist  almost  entirely  of  cholesterin,  while  others 
are  comjjosed  essentially  of  inspissated  bile,  and  still  others  of  cal- 
careous salts.  The  former  are  the  most  common,  and  are  readily 
recognized  by  their  soilness  and  color,  which  may  be  white,  grayish, 
bluish,  or  greenish.  Their  specific  gravity  is  lower  than  that  of 
water.  Very  frequently  they  contain  a  nucleus,  composed  of  earthy 
sulphates  or  phosphates.  An  analysis  which  I  made  of  a  large  stone 
of  this  kind,  weighing  10.548  grammes,  gave  the  following  results : 

Cholesterin 72.»59  per  cent. 

Mineral  salts 0.247     ** 

FaU 5.09       '* 

Biliary  pigments 13.93       ** 

Organic  matter 7.27       ** 

Calculi,  which  consist  largely  of  biliary  pigments,  are  brown  in 
color.  They  are  hard,  and  heavier  than  water.  Frequently  they 
contain  traces  of  copper  and  zinc  (Fig.  42). 

Calculi  composed  of  calcareous  salts  generally  present  an  irregular, 
roughened  contour. 

Within  recent  years  Welch  has  drawn  attention  to  the  not  infre- 
quent presence  of  pure  colonies  of  the  bacillus  eoli  communis  in  gall- 
stones, apparently  forming  their  nucleus.  Typhoid  bacilli  also,  have 
since  been  observe<l  in  their  interior,  and  it  appears  likely  that  the 
formation  of  gallstones  is  primarily  referable  to  an  invasion  of  the 
gall-bladder  by  such  micro-organisms. 


PATHOLOGY  OF  THE  FECES.  213 

Analysis  of  Gallstones. — ^The  stone  is  finely  powdered  and  dried  at 
a  temperature  of  100°  C.  It  is  then  extracted  with  boiling  water 
and  the  washings  concentrated  upon  a  water-bath  to  about  100  c.c. 
One  portion  of  this  amount  is  evaporated  to  dryness,  and  the  soluble 
residue,  as  well  as  the  mineral  ash,  determined  after  desiccation  at  a 
temperature  of  105°  C.     The  other  portion  is  likewise  evaporated  to 
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Gallstones, 
a,  cholesterin  ;  6,  pigment-etones. 

dryness  and  extracted  with  alcohol  containing  a  small  amount  of 
ether,  sodium  glycocholate  being  thus  obtained.  After  treatment 
with  hot  water,  as  described,  the  substance  is  successively  extracted 
with  alcohol  and  ether.  In  the  alcoholic  extract  fats  and  a  small 
amount  of  cholesterin  will  be  found.  The  greater  portion  of  this  is 
in  the  ethereal  extract.  The  residue,  which  is  insoluble  in  hot  water, 
alcohol,  and  ether,  is  treated  with  a  moderately  strong  solution  of 
hydrochloric  acid,  the  earthy  phosphates  and  oxides  being  thus  ob- 
tained united  to  pigments.  The  bilirubin  is  removed  by  extracting 
with  boiling  chloroform.  The  pigments  which  are  not  dissolved  in 
this  manner  are  biliprasin,  bilihumin,  etc. 

Intestinal  concretions  (enteroliths)  are  rare  and  usually  come  from 
the  appendix.  At  times  they  contain  some  foreign  body,  such  as  a 
grape-seed,  as  a  nucleus,  upon  which  calcium  and  magnesium  salts 
have  become  deposited. 

Fecal  calculi  or  coproliths  are  likewise  only  rarely  seen.  They 
represent  inspissated  fecal  material  which  has  become  impregnated 
with  lime  and  magnesium  salts.  More  commonly  they  are  found  at 
the  post-mortem  table  in  the  csecum,  in  the  haustra  of  the  colon,  and 
in  the  rectum. 

Microscopic  Examination. 

Technique. — In  hospital  work  the  stool  should  be  passed  into  a 
well-warmed  bed-pan  and  examined  at  once.  This  is  particularly 
important  in  the  search  for  amoebae.  In  private  practice  patients 
should  be  instructed  to  send  their  stools  to  the  physician,  as  soon  as 
possible,  when  suspicious-looking  particles  should  be  placed  upon  the 
warm-stage  or  examined  upon  a  well-warmed  slide.  A  very  convenient 
form  of  warm- stage,  which  may  be  obtained  from  instrument  makers 
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at  low  cost,  is  composed  of  brass  and  made  to  be  held  in  position  on 
the  stage  of  the  microscope  by  spring  clips.  It  is  about  8  cm.  long 
and  3  cm.  broad,  and  has  cemented  to  a  recessed  bottom  an  ordinary 
glass  slip  ;  an  opening  of  1.35  cm.  is  in  the  centre  of  the  stage.  To 
one  of  the  long  sides  of  the  brass  stage  is  fitted  a  projecting  stem, 
about  10  cm.  long,  to  which  the  heat  of  a  spirit-lamp  is  applied. 

For  ordinary  purposes  it  is  well  to  place  the  stool,  if  water}',  in  a 
conical  glass  and  to  cover  it  with  a  layer  of  ether,  so  as  to  diminish 
the  disagreeable  odor.  If  mushy  or  firm,  it  should  be  spread  out 
upon  a  plate  and  covered  with  a  layer  of  turpentine,  or  a  5-per-cent. 
solution  of  carbolic  acid  or  thymol. 

Remnants  of  Food. — It  has  already  been  pointed  out  that  various 
microscopic  remnants  of  food  are  observed  in  normal  feces.  In  path- 
ologic conditions  it  is  necessary  to  determine  whether  or  not  such 
remnants  are  present  in  abnormal  amount,  presupposing,  of  course, 
that  excessive  quantities  of  food  have  not  l)cen  ingested.  It  is  often 
possible  to  draw  definite  conclusions  as  to  the  state  of  intestinal  di- 
gestion from  the  excess  of  one  form  of  non-digested  material  over 
another.  The  presence  of  large  quantities  of  undigested  starch  gener- 
ally indicates  a  serious  catarrhal  condition  of  the  small  intestine 
and  it  may,  indeed,  be  said  that  the  occurrence  of  more  than  mere 
traces  of  this  material  should  always  be  regarded  with  suspicion. 
An  increase  in  the  number  of  muscle-fibres  will  likewise  be  observed 
under  such  conditions. 

The  so-called  acholic  stools  are  usually  very  rich  in  fat,  and  par- 
ticularly so  in  cases  of  biliary  obstruction,  associated  with  jaundice. 
At  other  time?^,  however,  the  lack  of  color,  as  hns  been  mentioned 
above,  is  not  referable  to  the  secretion  of  an  insufficient  amount  of  bile, 
but  to  the  presence  of  colorless  decomposition  products  of  bilirubin, 
such  as  the  leuko-urobilin  of  Nencki.  In  these  eases  abnormally  large 
quantities  of  fat  are  not  always  present.  The  conclusion  that  a  stool 
contains  excessive  amounts  of  fat  because  it  is  apparently  acholic  is 
hence  not  justifiable  unless  a  microscopic  examination  has  been  made. 

Leiner's  Test  for  Casein. — Casein  is  most  conveniently  demon- 
strateil  with  Leiner's  method.  To  this  end  a  small  amount  of  fecal 
matter  is  spread  on  a  slide  and  dried  in  the  air.  It  is  then  fixed  by 
heat, — passing  the  specimen  through  the  flame  of  a  Bunsen  burner, 
three  or  four  times  is  sufficient, — and  stained  with  a  mixture  of  e(jual 
parts  of  an  0.7'")-pcr-cent.  solution  of  acid  fuchsin  and  methyl-green 
in  50-per-cent.  alcohol,  the  mixture  being  diluted  ten  times  with 
water.  After  fifteen  minutes  the  pre{)arations  are  {)laced  in  distilled 
water  and  alloweil  to  remain  for  one  hour  or  longer.  Casein  and 
panicasein  are  thus  stained  a  pale  blue  or  violet,  while  the  pseudo-nu- 
clei nic  l)odies  are  practically  all  colored  a  light  grc^en,  or  more  rarely 
a  yellowish-green. 
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Epithelium. — Epithelial  cells,  when  present  in  large  numbers, 
always  indicate  an  inflammatory  condition  of  some  portion  of  the 
intestinal  tract. 

Cylindrical  epithelial  cells  are  found  in  abundance  in  all  inflam- 
matory conditions  affecting  the  intestinal  mucosa.  They  are  almost 
exclusively  seen  imbedded  in  mucus,  and  it  is  interesting  to  note  that 
the  cloudy  appearance  of  the  mucus  is  referable  to  the  presence  of 
these  elements  and  not  to  leucocytes,  as  is  the  case  in  the  sputum. 
When  bile-stained  specimens  are  met  with  the  conclusion  is  justifi- 
able that  the  small  intestine  is  involved.  Degenerative  forms  are 
mostly  seen  ;  well-preserved  cylindrical  or  goblet  cells  may,  however, 
also  be  found,  and  are,  accortling  to  my  experience,  very  much  more 
common  than  is  generally  supix)sed. 

Epithelioid  cells  may  be  found  in  carcinoma  of  the  rectum. 

Red  Blood- corpuscles. — Unaltered  red  blood-corpuscles,  accord- 
ing to  Xothnagel,  are  but  rarely  observed  in  the  fcHies,  no  matter 
how  intensely  red  they  may  be  colored,  providing  that  an  ulcerative 
process  affecting  the  colon  or  the  rectum  can  be  excluded ;  in  that 
case,  as  in  the  severer  forms  of  dysentery,  large  numbers  may  be  ob- 
served. If  the  hemorrhage  has  occurred  higher  up  in  the  intestine, 
large  and  small  masses  of  a  brownish-red  color  are  seen,  which  con- 
sist of  haematoidin.  They  are  mostly  amorphous,  but  in  some  speci- 
mens the  characteristic  rhombic  crystals  may  be  observed.  In  general 
it  may  be  said  that  the  higher  the  seat  of  the  hemorrhage  the  darker 
will  be  the  color  of  the  pigment,  and  the  less  the  chances  of  finding 
well-<lefined  red  corpuscles.  In  such  cases  recourse  must  be  had  to 
the  haemin  (p.  40),  or  the  iron  test  of  Korczynski  and  Jaworski 
(p.  209). 

Mucus. — Small  hyaline  particles  of  mucus,  visible  only  with  the 
microscope,  are  not  infrequently  met  with  under  pathologic  condi- 
tions, and  are  of  distinct  diagnostic  significance.  When  bile-stained 
their  presence  is  always  indicative  of  disease  of  the  small  intestine 
proj>er,  while  colorless  particles  point  to  a  catarrhal  condition  of  the 
upper  portion  of  the  large  intestine  or  the  lower  portion  of  the  small 
intestine.  Beginners  should  be  careful  not  to  mistake  apparently 
hyaline  particles  of  vegetable  residue  for  mucus.  Mucus  never  yields 
a  blue  color  when  treated  with  iodine,  or  iodine  and  sulphuric  acid, 
and  examination  with  a  higher  power  will  show  the  entire  absence  of 
any  definite  structure.  I^)th  forms,  viz,  colorless  and  colored  par- 
ticles, are  found  intimately  mixed  with  the  feces,  and  may  be  very 
abundant.  In  addition  to  these  forms  Xothnagel  has  described  the 
occasional  occurrence  of  large  numbers  of  roundish  or  irregular,  very 
pale  hyaline  or  oj)aque  formations,  which  are  devoid  of  all  structure. 
Some  s{>ecimens  are  homogeneous,  while  others  present  a  distinct 
rimous  appearance.     They  have  thus  far  only  been  found  in  liquid 
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stools,  and  are  apparently  of  no  diagnostic  significance.  To  judge 
from  their  optic  behavior  they  probably  consist  of  mucus. 

Leucocjrtes. — The  presence  of  a  large  number  of  leucocytes  usu- 
ally indicates  a  severe  catarrhal,  if  not  an  ulcerative  condition  of  the 
intestines,  the  nuralxjr  of  leucocytes  or  pus  corpuscles  standing  in  a 
direct  relation  to  the  intensity  of  the  inflammatory  process.  Pure 
pus  in'large  amounts  is  observed  especially  in  dysentery,  and  in  cases 
in  which  accumulations  of  pus  have  perforated  into  the  gut  from  ad- 
jacent organs  or  cavities. 

Crystals. — The  crystals  which  may  occur  in  the  feces  have  al- 
ready been  briefly  considered  (p.  196).  Of  these  the  so-called 
Charcot-Leyden  crystals  deserve  more  detailed  consideration. 
While  occurring  at  times  in  normal  stools,  as  also  in  those  of 
typhoid  fever,  dysentery,  and  phthisis,  such  observations  are  rare. 
They  apjKUir  to  be  quite  constantly  present,  on  the  other  hand,  in 
cases  of  anchylostomiasis  and  anguilhdiiisis.  They  are  also  fre- 
quently associated  with  ascaris  lumbricoides,  oxyuris,  tienia  solium 
and  saginata.  In  cases  of  trichocephalus  they  are  but  rarely  seen, 
while  they  are  always  absent  in  the  case  of  taenia  nana.  These 
observations,  made  by  I^eiehtenstern,  are  very  important,  and, 
according  to  the  same  observer,  the  occurrence  of  Charcot-Leyden 
crystals  should  always  excite  suspicion  as  to  the  existence  of  helmin- 
thiasis and  lead  to  a  careful  examination  of  the  feces  for  parasites 
or  their  ova.  Their  persistence  in  the  fec<3s  after  the  evacuation  of 
what  would  api)ear  to  be  a  complete  taenia  should  be  regarded  as  in- 
dicating the  non-removal  of  the  head.  In  a  Ciise  of  amoebic  colitis, 
occurring  in  the  practice  of  Dr.  Lewis,  of  Baltimore,  these  crystals 
were  also  observed  in  fairly  large  numbers. 

Animal  Parasitrs. 
I. — Protozoa  : 

Khizopo<1a, 
Monera. 

Araa'bina,  Amu'ba  coli. 
Flagellata  s.  mastigophora, 
Monad  ina, 

C^nomonadina,  Cercomonas. 
Isoma-stigoda, 

Tetramitina,  Trichomonas. 
Polyraastigina,  Megastoraa  entericiim. 
Infusoria  ciliata  s.  vera, 

Ilolotricha,  Balantidium  coli. 
Grcgarina  s.  sporozoa, 
Coccidia. 
II. — Vermes  : 

Platodes, 

Cestodcs, 

Ttenia  saginata. 
IVnia  solium. 
Tfenia  nana. 
Ta'nia  diminuta. 
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Taenia  cucamerina. 
Bothriocephalus  latas. 
Krabbea  grandis. 
Trematodes, 

Distoma  hepaticum. 
Distoioa  lanceolatum. 
Distoma  Boskii. 
Distoma  sibiricum. 
Distoma  spatulatum. 
Distoma  conjunctum. 
Distoma  heterophyes. 
Amphistoma  hominis. 
Distoma  haematobium. 
Distoma  pulmonale. 
Annelidcs, 

Nematodes, 
Ascarides, 

Ascaris  lumbricoides. 
Ascaris  mjstax. 
Ascaris  maritima. 
Oxyuris  vermicularis. 
Strongyloides, 

Anchylostomum  duodenale. 
Trichotrachelides, 

Trichocephalus  hominis. 
Trichina  spiralis. 
Rhabdonema  strongyloides, 
Anguillula  intestinalis. 
in. — Insecta : 

Piophila  casei. 
Drosophila  melanogastra. 
Homialomyia. 
Hyodrothoea  meteorica. 
Cystoneura  stabulans. 
Calliphora  erytlirocephala. 
Palleuria  rudis. 
Lucilia  csesar. 
Lucilia  regina. 
Sarcophaga  hsematoides. 
Eristalis  arbustorum. 
Anthomyia. 

Protozoa. — The  rhizopoda  are  essentially  characterized  by  the  fact 
that  locomotion  does  not  take  place  by  the  aid  of  independent  organs, 
but  by  means  of  pseudopodia,  viz,  protoplasmic  processes  which  the 
animal  is  capable  of  protruding  from  any  portion  of  its  body.  Six 
orders  have  been  described  by  zoologists,  but  only  one,  or  possibly 
two,  have  thus  far  been  found  in  the  feces. 

Whether  or  not  representatives  of  the  inonera  occur  in  the  feces  of 
man  is  still  an  open  question.  If  so,  they  are  apparently  of  no 
pathologic  significance. 

Of  the  ainoebinaj  on  the  other  hand,  a  most  important  member  has 
been  found,  viz,  the  amoeba  coli,  Losch. 

The  history  of  the  discovery  of  this  parasite  and  its  relation  to 
those  severe  forms  of  tropical  dysentery  and  liver-abscess  which  are 
met  with  also  in  our  more  temperate  zones  is  of  much  interest,  and 
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at  the  same  time  illustrates  the  great  importance  which  attaches  to  a 
systematic  examination  of  the  feces  in  all  aggravated  forms  of  diar- 
rhoea. 

In  1875  Losch  discovered,  in  the  stools  of  dysenteric  patients, 
actively  moving,  cell-like  bodies  of  a  roundish,  pear-shape,  oval  or 
irregular  form.  He  did  not  regard  these  as  the  cause  of  the  disease, 
however,  but  looked  upon  them  as  being  only  accidentally  present. 
Similar  bodies  were  observed  in  Hong-Kong  by  Normand  in  cases  of 
colitis ;  and  also  by  v.  Jaksch.  Sansino  found  them  in  a  case  in 
Cairo,  and  Koch  in  East  Indian  dysentery.  It  is  interesting  to  note 
that  Koch  was  the  first  to  susi)ect  the  existence  of  a  definite  relation 
between  dysentery  and  these  organisms.  Cunningham  claims  to  have 
frequently  found  amoebic  in  the  stools  of  cholera  patients  at  Calcutta, 
and  Grassi  in  normal  stools,  but  especially  abuudant  in  cases  of 
chronic  diarrhoea.  Whether  all  these  observations  are  correct,  and 
whether  the  organisms  observed  were  identical  in  all  cases,  is,  of 
course,  difficult  to  say.     So  much  is  certain,  that  the  subject  was  still 
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a  very  unsettled  one  when  Kartulis  announced  "  that  dysentery  and 
tropical  liver-abscess,  associated  with  dysentery,  are  caused  by  the 
presence  oftheamwba  coli,''  basing  his  conclusion  upon  an  examina- 
tion of  500  cases.  The  fact  that  this  parasite  was  absent  in  all  other 
intestinal  diseases,  such  as  typhoid  fever,  intestinal  tuberculosis,  the 
ordinary  forms  of  diarrhoea,  etc.,  speaks  most  strongly  in  favor  of 
Kartulis'  view. 

In  {x^rfect  accord  with  these  observations  were  those  made  at  the 
Johns  Hopkins  Hospital  by  Osier,  Lafleur,  and  Councilman.  Osier 
was  the  first  in  this  country  to  demonstrate  the  presence  of  the 
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amoeba  coli  in  a  case  of  liver-abscess,  both  in  the  pus  of  the  abscess 
and  in  the  stools.  Stengel,  Musser,  Dock,  and  others  confirmed 
these  obser\'ations,  so  that  the  pathogenic  character  of  the  amoeba 
coli  may  now  be  regarded  as  an  established  fact.  This  statement 
is  based  not  only  upon  the  few  facts,  more  historical  in  character 
than  otherwise,  which  have  just  been  detailed,  but  rather  upon  the 
ensemble  of  collected  data,  among  which  the  absence  of  micro- 
organisms other  than  the  amoeba  in  the  pus  of  the  liver-abscesses, 
and  the  constant  presence  of  the  latter  in  such  cases,  rank  among 
the  most  important. 

The  size  of  the  amoebae  varies  from  10  //  to  20  /i.  When  at  rest 
their  outline  is,  as  a  rule,  circular,  occasionally  ovoid ;  but  when  in 
motion  they  present  the  extremely  irregular  contour  of  moving 
amoeboid  Ixxlies  (Fig.  43).  The  protoplasm  can  be  differentiated 
into  a  translucent,  homogeneous  ectosarc  or  mobile  portion,  and  a 
granular  endosarc,  containing  the  nucleus,  vacuoles,  and  granules. 
Within  the  endosarc  the  vacuoles  constitute  the  most  striking  feat- 
ure. Sometimes  the  interior  seems  to  be  made  up  of  a  series  of 
closely  set  clear  vesicles  of  pretty  uniform  size.  As  a  rule,  one  or 
two  larger  vacuoles  are  present,  the  edges  of  which  are  not  infre- 
quently surrounded  by  fine  dark  granules.  True  contractile  vesicles, 
displaying  rhythmic  pulsations  have  not  been  observed,  although  the 
vacuoles  may  at  times  be  seen  to  undergo  changes  in  size.  In  some 
the  nucleus  is  quite  distinct,  while  in  others  it  may  be  altogether  in- 
visible. 

Most  distinctive  are  the  movements  of  these  bodies.  From  any 
part  of  the  surface  a  rounded,  hemispherical  knob  will  project,  and 
with  a  rapid  movement  the  process  extends  and  the  granules  in  the 
interior  flow  toward  it.  In  these  movements  the  clear  ectosarc 
seems  to  play  the  most  important  part. 

In  this  connection  I  wish  to  refer  to  the  occurrence  of  Laveran's 
2)la8modium  malarias  enclosed  in  red  corpuscles,  in  the  stools  of  cases 
of  malarial  colitis.  In  one  case  of  chronic  malarial  intoxication 
with  dysenteric  symptoms  the  diagnosis  was  first  made  after  an  ex- 
amination of  the  stools  for  amoebae ;  these  were  absent,  however, 
while  a  number  of  plasmodia  could  be  demonstrated,  pointing  out 
the  probable  nature  of  the  colitis. 

The  Jlagellata  8.  masiigophova  differ  from  the  rhizopoda  in  being 
provided  with  from  one  to  eight  flagella,  which  serve  as  organs  of 
locomotion  and  possibly  also  for  the  apprehension  of  food-particles. 
Representatives  of  two  orders  only,  viz,  the  nionadina  and  viomasti- 
godiiy  have  been  found  in  the  feces.  Of  the  monadina  in  turn  only 
one  family,  viz,  the  cenonionadina,  and  of  the  isomastigoda  only  two 
families,  viz,  the  tetramitina  and  polymastigina,  are  represented. 

The  cenoiiionndlna  are  small,  oval,  fre([uently  elongated  bodies. 
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provided  with  one  long  flagellum  at  the  anterior  end,  at  the  base  of 
which  food  vacuoles  are  situated.  At  the  posterior  end  amoeboid 
movements  may  be  observed,  and  there  can  be  no  doubt  that  the 
taking  up  of  food,  to  some  extent  at  least,  also  occurs  by  the  aid  of 
pseudopodia.  To  this  family  belongs  the  cercomonas  of  Davaine 
and  Lambl.  The  tetramitina  are  small,  elongated  bodies,  provided 
with  four  ilagella  and  a  lateral,  undulating  membrane,  which  was 
formerly  mistaken  for  a  posteriorly  directed  flagellum.  The  tail 
end  of  the  organism  tapers  to  a  point.  The  nucleus  is  located  at 
the  base  of  the  flagella.  To  this  family  belongs  the  parasite  which 
was  first  discovered  by  Donn6  in  the  vagina,  and  which  was  later  also 
found  in  the  feces  and  variously  designated  as  trichomonas  hominis, 
cercomonas  coli  hominis,  etc. 

The  polymastiguia  are  small,  somewhat  oval  bodies,  provided  with 
two  or  three  flagella,  situated  either  anteriorly  or  laterally — ^two  or 
three  on  each  side, — while  at  the  same  time  two  additional  flagella 
issue  from  the  posterior  end,  which  may  cither  be  rounded  off  or 
taper  to  a  point.  To  this  family  belongs  the  megastoma  entericum 
of  Grassi. 

Fio.  44. 


Cercomonas  inte»tiualiM. 

a,  cercomonas  of  Davaine,  after  Leuckart;  b,  cercomonas  intestinali'^.  after  Larabl ;  c,  d,  same, 
ordinary  forms;  e,/,  same,  well-developed  forms;  g,  h,  i,  same,  degenerati«m  forms;  A-,  /,  same, 
abortive  forms. 

Only  three  parasites  belonging  to  the  order  of  the  flagellata  have 
thus  far  been  encountered  in  the  human  feces,  viz,  the  cercomonas 
hominis  of  Davaine  and  Lambl,  the  trichomonas  of  Donn6,  and  the 
megastoma  entericum  of  Grassi.  To  judge  from  the  earlier  litera- 
ture upon  the  subject,  many  others  have  also  been   found,  but  more 
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modero  iavestigatioDs  have  showD  that  they  are  in  reality  identical 
with  the  three  just  mentioned.  The  question,  whether  or  not  these 
flagellate  bodies  are  of  pathologic  importance  still  remains  gub  judice. 
They  are  apparently  only  met  with  in  diseases  associated  with  diar- 
rhcea,  and  it  appears  that  in  some  cases,  at  least,  this  is  directly  de- 
pendent upon  their  presence.  In  others  the  impression  is  gained  as 
though  they  merely  maintained  an  already  existing  diarrhoea,  refer- 
able to  other  causes,  while  in  a  third  uIubb  of  cases  no  relation  can  be 
discovered  between  their  presence  and  the  disease  in  question. 

OrcomOTMWof  Davaine-Lambl,  syn.,  cercomonas  hominis  (Davaine); 
monas  (Marchand);  monas  lens  (Grassi);  monas  monomitina  (Grassi). 
The  adult  organism  (see  Fig.  44)  is  oval  or  roundish  in  form,  and 
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provided  anteriorly  with  a  single  long  flagellum  and  posteriorly  with 
a  tail-like  appendage.  Its  length  varies  from  0.005  to  0.014  mm. 
The  younger  forms  are  pear-  or  S-sliaped,  and  sometimes  irregular  in 
outline  ;  the  fiagcllum  is  cither  absent  or  only  rudimentary. 

Upon  prolonged  observation  it  will  be  seen  that  the  adult  parasite 
looses  its  flagclhim  and  may  protrude  a  protoplasmic  procees  instead, 
while  vacuolation  occurs  at  the  same  time,  indicating  approaching 
death. 
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Trichomoncu,  Donii^,  syii.,  trichomonas  vaginaliB  {Donn4);  tricho- 
monas hominis  (Grasei)  ;  nionocercomonas  (Grassi)  ;  cimrenomonas 
(Grass!) ;  protorj'comyces  coprinarius  (Cunningham  and  Lewis); 
cercomonas  coli  hominis  (May) ;  trichomonas  intcstinalis  (Leuckart 
and  Boos) ;  ccrcomonas  s.  )>odo  urinarius  (Kiinstlcr).  The  parasite 
(Fig.  45)  is  oval  or  spindlc-sliapet!  and  measures  from  0.01'2  to  0.030 
mm.  in  length  by  0.010  to  0.015  mm.  in  breadth.  From  its  anterior 
pole  four  flagrella  are  given  off,  which  are  almost  as  long  as  the  or- 
ganism itself.  From  this  point  an  undulating  membrane  extends 
laterally  to  the  posterior  jwlc,  which  may  be  rounded  off  or  taper  to 
a  tail-like  appendage.  This  membrane  is  best  seen  when  the  move- 
ments of  the  flagella  have  ceased,  or  in  specimens  fixed  in  bichloride 
of  mercury  solution  (1  : 5,000).  The  nucleus  is  situated  at  the  base 
of  the  flagella,  but  is  usually  only  visible  in  stained  s{>ocimcns  (methy- 
lene blue).     At  times  the  organisms  may  be  observed  to  assume  an 


ftmeeboid  form  ;  the  movements  of  the  fliigella  have  then  cctiscd,  and 
pseudopodia-like  pnjcesscs  are  protruded.  The  parasite  is  identical 
witii  the  trichomonas  which  lias  Iwen  found  in  the  vagina  and  in 
the  urine. 
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Megastoma  entericum^  Grassi,  «yn.,  cercomonas  intestinalis  (Lambl); 
megastoma  intestinale  (Biitschli);  lamblia  intestinalis  (Blanchard)  ; 
dimorphus  muris  (Grassi).  The  parasite  (Fig.  46)  is  pear-shaped, 
and  measures  from  0.01  to  0.021  mm.  in  length,  by  0.0075  to  0.05 
mm.  in  breadth.  In  its  anterior  portion  a  more  or  less  well-marked 
depression  can  be  made  out,  which  constitutes  the  j)eristome  or 
mouth  opening  of  the  organism.  It  is  provided  with  eight  flagella, 
grouped  in  pairs.  The  first  pair  originates  on  the  sides  of  the 
peristome  and  is  directed  backward.  The  second  and  third  pair  are 
situated  somewhat  posteriorly  and  are  likewise  directed  backward, 
while  the  fourth  pair  issues  from  the  tapering  tail-end  of  the  body. 
In  fresh  specimens  the  eighth  flagella  can  usually  not  be  made  out, 
as  the  third  and  fourth  pair  are  frequently  agglutinated.  The  best 
results  are  obtained  when  the  oi^nism  has  been  killed  with  bi- 
chloride solution.  The  individual  flagella  vary  from  0.009  to  0.014 
mm.  in  length.  In  the  anterior  portion  of  the  peristome  two  round, 
hyaline  bodies  can  be  recognized,  which  represent  nuclei.  Vacuoles 
are  absent,  and  nutrition  occurs  through  osmosis,  the  parasite  ad- 
hering to  epithelial  cells  by  its  peristome.  When  treated  with  fix- 
ing solutions  the  chitinous  envelope  can  be  readily  recognized.  In 
the  encysted  form  the  organism  is  oval  and  measures  from  0.007  to 
0.1  mm.  in  diameter. 

Grassi  observed'the  organism  in  mice,  rats,  cats,  dogs,  rabbits,  and 
sheep. 

BalanticUiun  coll  (Malmsten),  syn.,  paramoecium  coli.  The  organ- 
ism is  egg-shaped,  0.1  mm.  long,  and  covered  entirely  with  fine  cilia, 
M'hich  are  grouped  most  densely  about  the  mouth,  while  the  anus  is 
surrounded  by  only  a  few.  In  its  interior  are  found  a  nucleus,  two 
contractile  vesicles,  and  frequently  fat-droplets,  particles  of  starch, 
etc.  The  parasite  is  most  common  in  Sweden,  but  has  also  been 
observed  in  Germany,  Cochin-China,  Italy,  and  the  United  States. 
Infection  occurs  through  the  dejecta  of  swine. 

The  fourth  class  of  protozoa,  viz,  the  Gregarina  or  sporozoa,  is 
also  said  to  be  represented  in  the  human  feces.  The  coccidia  and 
psorosperms  belong  to  this  order.  They  are  small,  oval  bodies, 
measuring  about  0.022  mm.  in  length,  and  contain  in  their  interior 
a  large  number  of  small  nuclei,  arranged  in  groups.  They  are  en- 
tirely devoid  of  organs  of  locomotion,  and  obtain  their  nutriment 
by  endosmosis.  Keproduction  occurs  in  a  common  capsule,  which 
bursts  at  a  certain  time  and  sends  forth  a  whole  generation  of  fully 
developed  organisms.  In  human  pathology  they  have  become  of 
interest  in  so  far  as  certain  observers  have  ascribed  to  them  a  rdle  in 
the  etiology  of  neoplasms.  A  disease  of  the  liver  analogous  to  the 
psoroHpermiams  of  rabbits  has  also  been  described  in  man,  and  para- 
sites belonging  to  the  same  order  have  recently  been  observed  in  the 
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skiD.  The  two  ctteeB  reported  bv  Gildirist  and  Rixford  ended  &tally, 
and  post-mortem  eztimuiation  revealed  extensive  infectioD  of  the 
Bpleen,  adrenal  glands,  testes,  lymphatic  ^ands,  and  Im^s. 


Vennes. — The  class  vermes  has  interested  physicians  since  time 
immemorial,  and  is  referred  to  in  the  writings  of  Hippocrates  and 
others,  special  mention  being  made  of  the  ascarides,  called  Uimbrices, 
and  the  pIat<xli'H,  called  lati.  Speaking  of  the  former,  Lucas  Tozzi, 
in  168G,  says  :  "  They  find  their  way  into  the  heart  and  its  pericar- 
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dium,  iDto  the  brain,  the  lungs,  the  veins,  and  gall-bladder,  where 
they  are  difficult  to  'catch.'  "  The  same  niitlior,  speaking  of  their 
effecta  upon  the  body,  eniimerates  the  following  conditions  as  caused 
by  their  presence ;  epilepsy,  vertigo,  sopors,  delirium,  convulsions, 
headache,  syncope,  palpitations,  feeling  of  anxiety,  cough,  vomiting, 
nausea,  diarrhcea,  hiccough,  prickling,  borborygtni,  erosions,  tabes, 
acute  and  chronic  fevers,  and  innumerable  other  maladies. 

It  was  even  then  deemed  very  important  to  make  a  diagnceis 
before  the  administration  of  an  anthelmintic — a  point  which  is  well 
to  bear  in  mind  at  tlie  present  day,  and  the  cf^,  segments,  or  para- 
sites themselves  should  be  sought  for  in  every  suspected  case,  before 
treatment  is  begun. 

Tttnia  xaginaia,  Goeze,  ittfu.,  t.  raediocanellata  (KiJchenmeister) ; 
t.  incmris  (Hnber) ;  t,  dentata  (Nicola).  This  parasite  (Fig.  47)  is 
the  most  common  tapeworm  both  in  Europe  and  North  America, 
Infection  occurs  through  the  ingestion  of  measly  beef.  Its  length 
varies  from  4  to  8  m.  The  head,  which  i.s  devoid  of  a  rostellum,  is 
surrounded  by  four  pigmented  suckers,  each  of  which  is  encircled  by 
a  dark  Hue.  The  individual  segments  are  quite  thick  and  opaque, 
and  diminish  in  length  as  the  head  is  approached,  the  largest  measur- 
ing from  2  to  3  cm.  They  are  each  provided  with  a  very  much 
branched  uterus,  which  opens  laterally,  the  primary  branches  num- 
bering about  twenty  on  each  side.  The  ova  arc  elliptical  in  form, 
of  a  brown  color,  and  usually  enclosed  in  a  distinct  vitelline  mem- 
brane. Upon  careful  observation  a  double  contour  with  delicate 
radiating  strise  can  be  discerned.  In  the  interior  the  embryos  are 
seen  imbedded  in  a  brown,  granular  material. 

Thus  far  the  cysticercus  of  tienia  saginata  ha,s  not  been  observed 
in  the  human  being. 


TcBitia  solium,  Rudolphi.  This  parasite  (Fig.  48)  is  far  less  com- 
mon in  this  country  than  the  ticnia  saginata,  and  may  indeed  be  re- 
garded as  a  curiosity.  In  Germany,  also,  it  is  only  rarely  met  with 
now,  while   formerly   it  was  the   most  common  tapeworm  in   that 
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country.  This  change  is  undoubtedly  owing  to  the  fact  that  raw  pork 
is  now  eaten  less  frequently.  In  Asia  and  Africa  it  is  more  com- 
mon. Taenia  solium  is  usually  much  shorter  than  taenia  saginata, 
rarely  exceeding  3.5  m.  in  length.  Most  characteristic  is  the  head, 
which  is  provided  with  four  pigmented  suckers  and  a  rostellum,  fur- 
nished with  from  twenty-four  to  twenty-six  hooklets,  arranged  in  a 
double  row.  The  mature  segments  measure  from  1.0  to  1.5  cm.  in 
length  by  6  to  7  mm.  in  breadth,  and  contain  a  uterus  which  has 
only  five  to  seven  branches,  thus  differing  greatly  from  that  of  taenia 
saginata.  The  ova  are  round,  of  a  brownish  color,  and  surrounded 
with  a  thick,  radially  striated  membrane ;  in  their  interior  the  hook- 
lets  of  the  embryos  can  usually  be  made  out. 

At  times,  though  rarely,  an  autoinfection  with  the  proglottides  of 
taenia  solium  has  been  observed  in  the  human  being.  Under  such 
conditions  the  embryos  of  the  worm  are  set  free  in  the  stomach,  and 
may  then  migrate  into  various  parts  of  tlie  body,  where  they  become 
encysted,  constituting  the  so-called  cysticercua  cellulosce  stage  in  the 
development  of  the  parasite.  Most  commonly  the  cysticerci  are 
found  in  the  skin  ;  they  have,  however,  also  been  observed  in  the 
heart,  lymphatic  glands,  liver,  bones,  tongue,  spinal  canal,  the  brain, 
and  the  eyes.  I  have  had  occasion  to  observe  a  case  of  this  kind  at 
the  Johns  Hopkins  Hospital  (rejwrted  by  Osier).  The  patient,  a 
laboring  man,  had  never  worked  as  a  butcher  or  a  cook,  and  never 
had  a  tapeworm.  The  cysticercus  nodules,  which  were  situated  be- 
tween the  skin  and  the  fascia,  were  very  numerous,  seventy-five  be- 
ing counted  on  one  day.  One  of  these  nodules  was  removed  for  ex- 
amination and  shown  to  be  referable  to  the  cysticercus  of  taenia 
solium.  The  only  subjective  complaints  in  this  case  were  pains  and 
stiffness  in  the  arms  and  legs.  The  individual  cysticercus  was  ellip- 
tical or  roundish  in  form,  measuring  from  1  to  10  mm.  in  diameter. 
In  its  interior  the  characteristic  hooklets  were  seen. 

Titnia  nanUy  v.  Siebold,  i^yn,,  hymenolepsis  (Weinland).  This 
parasite  (Fig.  49)  has  not  been  observed  in  America,  but  seems  to 
be  the  most  common  tapeworm  in  Italy  and  Egypt,  being  found 
especially  in  young  people,  and  often  causing  severe  nervous  symp- 
toms, such  as  convulsions,  loss  of  consciousness,  and  even  melan- 
cholia. It  is  only  8  to  25  mm.  long  and  0.5  mm.  broad.  The 
head  is  ball-shaped  and  provided  with  four  suckers  and  a  rostellum, 
bearing  twenty-four  to  twenty-eight  hooklets  arranged  in  a  single 
row  along  its  anterior  edge.  The  individual  segments  are  of  a  yel- 
lowish color  and  about  four  times  as  broad  as  long.  The  uterus  is 
oblong  and  contains  numerous  ova,  which  are  colorless,  oval  and 
surrounded  by  a  distinct  non-striated  membrane.  They  measure 
from  0.039  to  0.060  mm.  in  size.  In  their  interior  the  embryonic 
worm,  provided  with   five   or  six   hooklets,  may  be  distinguished. 
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The  number  with  which  this  parasite  at  times  infests  the  digestive 
tract  is  most  astonishing,  5,000  and  even  more  having  been  counted 
at  various  times.  The  cysticercus  stage  occurs  in  snails,  which  are 
frequently  eaten  raw  in  Egypt  and  Italy. 


Taniii  diminufa,  Rudolphi,  syn.,  tienia  flavapunc.tata  (Weinland) ; 
tsenia  minima  (Grassi);  ttenia  varerina  (Parona);  tienia  leptocephaia 
(Creplin).  Tienia  diminuta  was  first  described  in  man  by  Leidy, 
Grassi,  and  Parona.  It  measures  20  to  60  mm.  in  length,  and  is 
armed  with  two  suckers,  but  is  without  a  rostellum.  The  ova  re- 
semble those  of  twnia  solium.  The  cysticercus  occurs  in  certain 
caterpillars  and  cocoons.  In  man  it  has  only  been  found  in  six  in- 
stances. 

Twnitt  cucumerina,  Bloch,  si/n.,  tienia  caiiina  (Linn6) ;  ttenia  ollip- 
tjca  (Batsch)  (Fig.  50),  The  parasite  is  almost  exclusively  found 
in  children,  the  infection  occurring  through  dogs  and  cats.  Its 
length  varies  from  10  to  40  mm.  The  head  is  provided  with  about 
sixty  hooklets,  surrounding  a  rostcllum  in  irregular  rows.  When 
this  is  visible  it  appears  as  a  club-shaped  protuberance.  The  ripe 
segments  have  a  reddish  color,  and  are  very  much  longer  than 
broad.  The  ova  contain  embryos  already  armed  with  hooklets. 
The  cysticercus  occurs  in  fleas. 

Bothriooephalua  lafiu,  Bremser,  '<i/n.,  tienia  lata  (Liunfi) ;  diboth- 
rium  latum  (Rudolphi)  (Figs,  ol  and  52).  This  worm  is  5  to 
9  m.  long.  Its  head  is  lihaped  like  a  liean,  and  upon  its  fiat  sur- 
faces two  distinct  grooves  can  be  discerned,  which  pn>bably  act  as 
suckers.  The  ripe  segments  arc  almost  square  in  form,  with  the 
genital  apparatus  opening  in  the  median  line.  The  uterus  presents 
four  to  six  convolutions  on  each  side,  which  become  especially  dis- 
tinct when  the  segments  are  placed  in  water  or  exposed  to  the  air. 
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A  rosette-like  appearance  is  then  obtained,  which  is  quite  charac- 
teristic. The  e^s  are  oval,  0,07  mm.  long  and  0.045  mm.  broad; 
they  are  enclosed  in  a  brown  envelope,  at  the  anterior  end  of  which 
a  little  lid  can  be  recognized.  Their  contents  consist  of  protoplasmic 
spherules,  all  of  about  tiie  same  size,  which  arc  lighter  in  color  in 


y 


the  centre  than  at  the  iH'riphery.  The  lar\ie  ha\e  lM>in  fmnti  in 
varioutj  fishes,  such  as  the  perch,  trout,  and  burbot  but  most  fre- 
quently in  the  pike.  It  is  Ums  readily  understood  \\h^  the  jianisite 
is  most  common  in  lake  regions,  us  in  Switzerland   noithorn  Kiiisia, 
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southern  Scandinavia,  and  northern  Italy.  Outeide  of  Europe  it  is 
most  common  in  Japan.  In  the  United  States  it  has  only  been  found 
in  a  few  imported  cases.  From  a  pathologic  standpoint  it  is  of  much 
interest,  as  it  appears  to  stand  in  a  generic  relation  to  certain  forms 
of  severe  anseraia. 

Krabbea  grandis,  Blanchard.  This  parasite  has  been  observed  in 
only  one  instance — in  eastern  Asia.  It  is  said  to  resemble  certain 
bothriocephali  which  are  found  in  seals. 

Trematodes. — The  various  forms  of  distoma  which  belong  to  this 
order  are  essentially  /lepaitc  para«iteti,  and  rarely  occur  in  the  feces. 


Didonui  lief)aficum,  Abildgaard,  "i/n.,  fasciola  liepatica  (Linng) 
(Fig.  -53),  This,  the  most  common  liver-fluke,  is  28  mm.  long  and 
12  mm,  broad  ;  it  is  formed  like  a  leaf.  The  head  is  provided  with 
a  sucker,  and  a  second  sucker  may  be  found  at  its  ventral  surface. 
Between  the  two  the  genital  opening  is  located,  leading  into  a  skein- 
shaped  uterus.  The  edges  are  oval,  measuring  0.11!  mm.  in  length 
and  0.08  mm.  in  breadth,  the  anterior  end  being  provided  with  a  lid  ; 
their  color  is  brown.  In  the  United  States  the  organism  in  practi- 
cally unknown,  while  in  Germany  it  is  most  common  in  sheep,  In 
the  human  being  it  is  rare  in  l)otli  countries.  Infection  occurs 
through  a  small  snail,  the  LinDa^us  minutus,  which  is  found,  in  Ger- 
many especially,  upon  wat€rcres.«. 

Disloma  lanceolnlum,  Mehlis,  lias  only  l>cen  found  in  five  cases, 
all  of  which  occurred  in  Germany  (Fig.  54).  It  is  much  smaller 
than  distoma  hepaticum,  measuring  8  to  9  mm.  in  length,  by  2  to 
3.3  mm,  in  breadth.  It  is  lancet-shai)ed,  tapering  toward  the  head 
end,  but  otherwise  clasely  resembles  the  above  parasite.  The  ova 
are  0.04  mm.  long,  0.03  mm,  broad,  and  contain  fully  developed 
embryos.     In  the  ruminants  the  organism  is  quite  common. 
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Distonia  Buskii,  Lancester,  syn.,  distonia  rhatonisii  (Poirier) ;  dis- 
toma  cranum  (Busk).  The  parasite  has  been  observed  in  only  three 
cases — in  China.  It  is  much  larger  than  the  common  liver-fluke. 
Infection  probably  occurs  through  certain  fishes  and  oysters. 

Distoma  sibiricum,  Winigradoff,  syn.y  distoma  felineum  (Rivolta). 
This  parasite  was  found  in  Tomsk,  by  Winigradoff,  in  eight  autopsies 
out  of  124.  Its  length  may  reach  13  mm.  The  ova  are  0.026  to 
0.038  mm.  long  and  0.010  to  0.022  mm.  broad.     The  intestine  is 

Fig.  55. 


Ascaris  lurabricoides.     (v.  .Taksch.') 

a,  wonu,  half  natural  size;    6,  head,  slightly  magnitied  ;  c,  eggs.     (  Eye-plecc  I.,  objoctivo  8  A, 

UeicluTt. ) 


simple  and  extends  to  the  posterior  extremity  of  the  body.     Its  sur- 
face is  smooth. 

Distoma  spcUalalumy  Leuckart,  »i/n,,  distoma  endemicum  (Biilz) ; 
distoma  japonicum  (Blanchard) ;  distoma  sinense  (Cobbold).  The 
habitat  of  the  organism  is  in  cats.  In  the  human  being  it  has  only 
been  observed  in  Japan,  where  it  appears  to  be  quite  common  in 
certain  localities.  It  is  about  11.75  mm.  long  and  2  to  2.75  mm. 
broad.  The  living  parasite  is  of  a  reddish  color  and  translucent,  so 
that  it  is  possible  to  distinguish  all  its  interior  organs.  The  ova 
measure  0.028  to  0.030  mm.  in  length  by  0.016  to  0.017  mm.  in 
breadth,  and  are  enclosed  in  a  colorless  envelope. 


PATHOLOOr  OF  THE  FECE& 


231 


Didonui  oonjundum,  Cobbold,  dlaioma  heterophyeti,  v.  SieboM,  and 
amphifiomum  hominis,  Lewis  and  McConell,  are  other  parasites  which 
have  been  observed  in  a  few  isolated  cases,  but  are  as  yet  of  no  spe- 
cial interest.     The  last  named  appears  to  be  common  in  elephants. 

D'uAoma  hcematobium  and  dUtotiia  pulmonale  are  described  in  the 
sections  on  Blood  and  Sputum,  respectively. 

The  anndidea  are  very  common  intestinal  parasites,  and  of  these 
especially  the  -nematodes. 

Axcaria  lumbrlcoidee  (Linnfi)  (Fig.  55)  is  the  cylindrically  shaped 
worm  so  commonly  seen  in  children  and  in  the  insane.  The  head 
consists  of  three  projections  or  lips,  which  are  provided  with  suckers 
and    fine  teeth.     The  male  measures  about   215    mm.,  the  female 


about  400  mm.  in  length.  The  tail-end  of  the  male  is  rolled 
up  on  its  ventral  surface  like  u  hook  and  provided  with  papillte. 
The  genital  aperture  of  the  female  is  situated  directly  behind  the 
anterior  third  of  the  body.  The  o^s  arc  yellowish-brown  in 
color,  almost  round,  and  measure  O.OtJ  mm.  by  0.07  mm,  in  size  ; 
they  are  surrounded  by  an  irregular  albuminous  envelope,  which  is 
covered  by  a  tough  shell ;  the  contents  are  coarsely  granular. 

Ascaris  lumbrieoideH  is  found  in  all  countries,  and  also  infests 
the  pig  and  tlie  ox.  Its  presence  may  occasion  very  severe  nervous 
symptoms,  but  fortunately  this  ia  but  rarely  the  case, 

Ascaris  myMax,  iMer,  tyu.,  ascaris  marginata  (Rudolph!) ;  ascaris 
alata  (Bellingham)  (Fig.  5(i)  is  smaller  and  thinner  than  ascaris 
lumbricoidcs,  but  otherwise  very  similar.     The  head  is  pointed  and 
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provided  with  wing-like  projoclions,  which  constitute  the  main  poiut 
of  difference  between  the  two.  The  m&le  measures  45  to  60  mm.  in 
length,  the  female  110  to  120  mm.  Its  ova  arc  round,  larger  than 
those  of  ascaris  lumbricoides,  and  enclosed  in  a  membrane  which  ia 
covered  with  numerous  small  depressions.  The  worm  is  very  com- 
mon in  dogs  and  cats,  but  very  rare  in  man. 

Aaeariif  maritimti,  Leuckart,  also  belongs  to  thi.<4  class.  It  has 
only  been  obser\'ed  in  one  case — in  Greenland, 

Oxyuris  reniiieiUurU,  Bremser,  »yn.,  ascaria  verraicularis  (Linn£)  ; 
ascaris  gr^corum  (Pallas)  (Fig.  57).  The  male  is  4  ram.,  the 
female  10  mm.  long.  At  the  head  three  lip-like  projections  with 
lateral  cuticnlar  thickenings  may  be  seen.     The  tail  of  the  male  is 

Fiti.  58. 


provided  with  six  pairs  of  p:ipill]e,  and  the  fi-miile  with  two  uteri. 
The  ^gs  are  O.O-T  by  0.02  to  O.O.'t  mm.  in  size,  and  covered  with  u 
membrane,  showing  a  double  or  triple  contour ;  in  the  interior, 
which  is  coarsely  granular,  the  embryos  arc  containe<!. 

The  female  worm  lives  in  the  oecum,  but  after  impregnation 
travels  downward  to  the  rectum.  Hero  it  causes  mo^t  annoying 
syraptoma,  which  are  especially  tliftressing  at  uiglits,  when  the  or- 
ganism emerges  from  the  anus.  In  doubtful  cases  nf  |>ruritns  ani 
(lilt  vulva;  an  examination  of  the  feces  should  bo  made  for  this  jHini- 
fiite.     The  ova  themselves  do  not  oanir  in  tlie  feces. 

Anchjfhidomum  duodenalc  (  Dubini  );  anchylostoma  dnodenalc 
(Dubini);  strongylus  quadrideutatns  (v.  Siebold);  dochmins  auchy- 
lostomnni   (Molin) ;    sclerastoma  diiodenale  (Cobbold) ;    strongylus 
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duodeaalie  (Schneider) ;  dochmiu3  duodenalis  (Leiickart) ;  unclnaria 
duodenalis  (Roilliet)  (Fig.  58).  The  oi^nism  belongs  to  the  fem- 
ily  Ktrongyhidex,  and  is  one  of  the  most  dangerous  parasites  met  with 
in  the  human  being.  It  has  been  found  in  Italy,  Germany,  Switz- 
erland, Belgium,  Egypt,  and  in  the  West  Inilies  (Jamaica).  Within 
the  last  few  years  several  cases  have  also  been  reported  in  the  United 
States.  From  a  pathologic  standpoint  the  parasite  is  of  special  in- 
terest, as  its  presence  gives  rise  to  severe  and  often  fatal  aneemta. 
Griesinger  was  the  first  to  point  out  that  the  so-called  Egyptian 
chlorosis  is  produced  by  this  oi^uism.  In  every  case  of  severe 
antemia,  particularly  when  occurring  in  patients  who  have  been 
working  in  mines,  tunnels,  and  brickyards, 
the  feces  shouhl  be  carefully  examined  for  Fio.  59. 

the  ova  of  this  parasite.  The  worm  itself 
is  only  rarely  found.  Its  tiabitat  is  in  the 
jejunum.  Infection  takes  place  through 
contaminated  drinking  water. 

The  male  is  6  to  ll-.l  mm.  long,  the 
female  10  to  18  mm.  The  head,  which 
tapers  somewhat,  is  turned  toward  the  back  ; 
the  mouth  capsule  is  hollowed  out  and  sur- 
rounded by  four  teeth  ;  the  tail  of  the  male 
forms  a  tliree-lobcd  bursa,  while  that  of  the 
female  tapers  conically  ;  the  genital  opening 
is  behind  the  middle  of  the  body.  Its  eggs 
have  an  oval  form  and  a  smooth  surface, 
measuring  0.03  to  O.OH  by  0.03  to  0.04  mm. 
In  their  intorior  two  or  three  segmenting 
bodies  are  found,  which  rapidly  develop  out- 
side of  tlic  human  body,  so  that  after  twenty- 
four  to  forty-eight  hours  embyros  may  be  ri-miije\iighti*y  uiagDi)f<^;r.«gg> 
found  in  the  same  feces  in  which  the  eggs  n^i^i™  " '  "''J""'"  *  "■ 
were  observe*!,  or  fully  developed  ova  may 
he  found  after  allowing  the  feces  to  stand  for  only  a  few  hours. 

TrichocephaluH  hom'inU,  Schwaiik,  »'/'!.,  trichocephahis  dispar  (Ru- 
dolph!) ;  mastigodes  (Zeder) ;  trichuris  (Buttnor).  This  parasite, 
which  belongs  to  the  family  liiektAmehrlUlex,  is  formed  like  a  whip, 
the  last-end  being  the  head-end,  while  the  tail-end  is  very  much 
thicker.  The  male  measures  46  mm.  and  the  female  50  mm.  in 
length.  The  eggs  are  brownish  in  color,  measuring  0.05  by  0.06  mm. 
in  size,  and  presenting  a  doubly  contoured  shell,  with  a  depression  at 
each  end,  closed  by  a  lid.  The  contents  are  coarsely  granular.  It  is 
said  to  be  the  most  widely  distributed  intestinal  parasite,  occurring 
in  Europe,  North  America,  Asia,  Africa,  and  Australia.  Its  habitat 
is  in  the  ceecum.     The  living  worm  is  only  rarely  found  in  the  feces. 


Trichnceuhilui  dlipur. 
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Trichijui  ^pindin  (Owen)  (Fig.  60)  is  rarely  fiitind  in  llie  feces. 
Tlic  niale  measures  1.5  mm.  in  lenKtli,  and  iri  provided  with  four 
papillfp  bptween  the  conical  lips.  The  fcmalp  is  .3  mm.  long.  The 
uterus  is  situated  nearer  the  head  than  the  ovary,  which  opens  into 
it.  Fertilization  occurs  in  the  intestinal  canal.  The  t^gs  develop 
iuto  ombvros  In  the  uterus,  cmei^  from  this,  and  pcnotnifc  the  in- 
tosliiiaj  wulj-;,  wln-ncp  thcv  iirc  cirried    l.v  the  lilo.xWiirrcnt  to  ihe 


0Mfimi^ 


far  lesrt  <roromon  in  the 


>  than 


nmst-lKs.     Trichinosis  i 
in  Europe. 

Aw/wlhdu  iiUeMttnalln  is  2.2o  mm.  long  and  0.04  mm.  broad ;  it» 
mouth  is  three-cornered  and  boundcil  hy  three  little  lips.  The 
genital  ajierture  is  lotated  betweeu  the  middle  and  posterior  third  of 
the  hotly.  Its  e^s  are  similar  to  those  of  anehylostomnni  duodenale, 
but  longer  and  more  elliptieal,  with  tapering  poles  ;  they  are  never 
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Fig.  61. 


found  in  the  feces,  only  the  embryos  occurring  here.  When  sexually 
mature  the  parasite  is  called  anguillula  stercoralis ;  this  again  gives 
rise  to  embryos,  which  may  in  turn  enter  the  intestinal  canal.  The 
angtiillula  stercoralis  (Fig.  61)  has  a  rounded  body,  which  presents 
an  indistinct  cross-striation.  Its  head  is  like  the  top  of  a  cane  and 
provided  with  two  lateral  jaws,  each  of  which  is  armed  with  two 
teeth.  The  male  measures  0.08  mm., 
the  female  1.22  mm.  in  length.  The 
pathologic  significance  of  this  para- 
site has  not  yet  been  definitely  ascer- 
tained, but  from  its  resemblance  to 
anchylostomum  duodenale  it  has 
become  important  from  a  diagnostic 
point  of  view. 

Insecta. — As  the  larvje  of  the 
various  insects  met  with  in  the  feces 
have  so  far  been  very  little  studied, 
they  will  not  be  considered  at  this 
place ;  they  are  apparently  of  no 
clinical  importance. 

Vegetable  Parasites. — Among  the 
pathogenic  vegetable  parasites  the 
bacillus  of  cholera,  of  typhoid  fever, 
and  of  tuberculosis,  as  well  as  the  ba- 
cilli of  Booker,  the  bacillus  coli  com- 
munis, the  bacillus  pyocyaneus,  the 
bacillus  lactis  aerogenes,  and  the 
proteus  vulgaris  deserve  especial 
consideration. 

As  early  as  1848  certain  "vib- 
rios" were  observed  in  abundance 
in  the  stools  of  cholera  patients  by 
Virchow,  and  in  1849  by  Pouchet, 
Britton,  and  Swayne,  no  importance, 
however,  being  attached  to  their 
presence  at  the  time. 

The  first  accurate  and  detailed 
studies  of  the  organism  found  in 
rholera  stools  were  made  in  1 883  by  the  members  of  the  French  and 
German  commissions  sent  to  Egypt  to  investigate  the  nature  of  the 
dreaded  disease.  The  results  of  their  work  were  first  published  by 
Koch  in  his  report  to  the  Berlin  Sanitary  Office  in  1883,  and  in  1884 
by  Strauss,  Roux,  Nocard,  and  Thuillier. 

The  clinical  recognition  of  cholera  Asiatica  has  become  a  fairly 
simple  matter,  since  Pfeiifer  demonstrated  that  the  blood-serum  of 


Angiiillula  stercoralis.    (Bizzozkro.  ) 
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cholera  patients  possesses  the  property  of  causing  arrest  of  motility 
and  the  agglutination  of  the  specific  bacilli.  Bouillon-cultures,  how- 
ever, can  usually  not  be  employed,  as  particles  of  the  film,  when 
broken  up,  may  easily  be  mistaken  for  agglutinated  bacilli.  It  is 
best  in  everj'^  case  to  make  use  of  agar-cultures  sixteen  to  twenty- 
four  hours  old,  and  to  prepare  emulsions  in  bouillon  or  normal  salt- 
solution  as  occasion  requires.  The  emulsion,  moreover,  should 
always  be  examined  microscopically  before  use,  so  as  to  insure  the 
absence  of  any  conglomerations  of  bacilli.  The  blood  is  then  diluted 
in  the  proportion  of  1  :  10  or  1:15.  If  the  test-tube  method  is 
employed,  the  tubes  should  only  be  kept  in  the  incubator  (37°  C.) 
for  one  or  two  hours.  Upon  the  slide  the  reaction  is  obtained  in 
from  five  to  twenty  minutes.  If  no  distinct  agglutination  is  observed 
at  the  end  of  one  hour,  the  diagnosis  of  cholera  is  rendered  im- 
probable. Dried  blood  retains  its  agglutinating  properties  for  a 
considerable  length  of  time,  and  may  also  be  used  for  examination. 

The  comma  bacillus  is  a  slightly  arched  or  half-moon-shaped  little 
rod  and  somewhat  shorter  than  the  tubercle  bacillus  (Plate  XI., 
Fig.  1).  Occasionally  two  are  placed  end  to  end  with  their  convexi- 
ties in  opposite  directions,  thus  presenting  the  appearance  of  the  let- 
ter S.  Koch  detected  these  bacilli  in  the  intestinal  contents  and  feces, 
but  rarely  in  the  vomited  matter,  in  Asiatic  cholera  only.  In  the 
«tools  they  at  times  occur  in  such  numbers  as  to  constitute  pure  cul- 
tures. In  plate-cultures,  kept  at  a  temperature  of  22°  C,  white  col- 
onies with  serrated  borders  may  be  observed  after  twenty-four  hours. 
The  color  of  such  a  colony  is  slightly  yellow  or  rose-red,  its  central 
portion  gradually  assuming  a  deeper  tint,  and  finally  becoming  lique- 
fied. ITpon  agar-plates  the  bacilli  form  a  grayish-yellow,  irregular, 
slimy  coating,  but  do  not  liquefy  the  culture-medium.  In  stab- 
cultures,  after  twenty-four  hours,  a  whitish  color  may  be  observ'ed 
along  the  line  of  the  stab  ;  around  this  there  is  formed  a  funnel-shaped 
depression,  which  gradually  increases  in  size  and  apparently  contains 
a  bubble  of  gas.  The  upper  j)ortion  of  the  culture-medium  at  the 
same  time  becomes  liquefied,  while  the  lower  portion  remains  solid  for 
days.  In  a  suspended  drop  spirocluetie-like  spirals  are  observed  at 
the  margins,  which  often  present  as  many  as  twenty  distinct  arches. 

Closely  related  to  Koch's  comma-bacillus,  and  possibly  bearing  to 
cholera  )i08fr(is  the  same  relation  that  the  former  bears  to  cholera 
Asiatica  is  the  bacillns  of  Finkler  and  Prior,  discovered  in  1884  and 
1885  (Plate  XI.,  Fig.  2).  This  is,  however,  readily  distinguished 
from  the  former  by  the  following  characteristics:  It  is  larger  and 
thicker  than  the  comma  bacillus  ;  the  colonies  on  gelatin  plate-cul- 
tures show  equally  round  and  sharp-edged  forms,  which  present  a 
granular  apiKjarance  under  a  low  or  medium  power,  and  are  usually 
of  a  brown  color.     The  organism  liquefies  gelatin  very  rapidly,  a 
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FIG.    1 


Spirillum  of  Asiatic*  Cholera.     Impression  Cover-slip  from  a  Colony 

Thirty-four  Hours  Old.     (Ahhott.) 


V 


FIG.    2. 


Ba<;illuH  of  Finkler  and   Prior.     (Cornil  and   Bahes.) 


FIG.   8. 


Bacillus  of  Typhoid   Fever  from  a  Culture  Twenty-four  Hours  Old, 

on   Agar-agar.     (A>>hott.) 
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penetrating  excessively  fetid  odor  being  developed  at  the  same  time. 
In  stab-cultures  the  bacillus  of  cholera  Asiatica  forms  a  funnel-shaped 
depression,  while  the  bacillus  of  Finkler  and  Prior  forms  a  stocking- 
like depression.  Further  work,  however,  is  still  necessary  in  this 
direction. 

The  Tjrphoid  Bacillus,  discovered  by  Eberth  in  1880  in  the  ab- 
dominal organs  of  patients  dead  with  typhoid  fever,  is  unfortunately 
not  so  readily  recognized  in  the  feces  as  the  organisms  just  described. 
This  is  owing  to  the  intimate  relation  which  apparently  exists  be- 
tween the  bacillus  in  question  and  the  bacillus  coli  communis,  with 
which  it  has  many  properties  in  common.  A  few  years  ago  Eisner 
suggested  a  method  which,  it  was  hoped,  would  eflTectually  overcome 
this  diflBculty,  and  in  the  hands  of  numerous  observers  good  results 
were  obtained.  Widal's  agglutination  test,  however,  which  was 
almost  simultaneously  introduced,  diverted  attention  from  the  study 
of  the  feces,  and  Eisner's  work  has  practically  been  forgotten. 

In  the  meantime  Widal's  test  has  been  carefully  investigated, 
and  although  the  reaction  must  unquestionably  be  considered  as  a 
specific  reaction  of  typhoid  fever,  its  value  in  diagnosis  is  neverthe- 
less limited  (see  p.  100).  As  a  consequence,  further  attempts  have 
been  made  to  discover  a  method  which  will  enable  the  general  prac- 
titioner to  definitely  establish  the  diagnosis  of  typhoid  fever  at  an 
early  stage  of  the  disease.  Whether  or  not  Eisner's  method  (v.  i.) 
has  been  deservedly  abandoned  further  investigations  will  show.  At 
the  present  time  another  procedure,  which  was  suggested  by  Pior- 
kowski  is  attracting  widespread  attention,  as  it  is  claimed  that  with 
this  method  the  diagnosis  can  be  made  within  24  hours. 

PiorkowakVs  method :  The  necessary  culture  medium  is  prepared 
as  follows:  Normal  urine  of  a  specific  gravity  of  about  1.020  is 
allowed  to  stand  until  the  reaction  has  become  alkaline.  It  is  then 
treated  with  0.5  per  cent,  of  peptone  and  3.3  per  cent,  of  gelatin, 
boiled  for  one  hour  and  filtered  immediately  into  test-tubes,  without 
any  further  application  of  heat.  The  test-tubes  are  closed  with  cot- 
ton, sterilized  for  lo  minutes  in  a  steam  sterilizer,  at  100^  C\,  and 
resterilized  after  24  hours  for  10  minutes. 

To  examine  the  feces  one  tube  is  inoculated  with  two  oesen  of  the 
fecal  material,  which  should  be  as  fresh  as  possible.  From  this  tube 
four  oesen  are  transferred  to  a  second  tulxj,  and  a  third  is  inoculated 
with  from  6  to  8  oesen  from  the  one  preceding.  Plates  are  finally 
prepared  and  kept  at  a  temperature  of  22°  C,  as  the  presence  of  so 
small  an  amount  of  gelatin  does  not  permit  of  exposure  to  higher 
temperatures.  After  16  to  24  hours  an  examination  is  made  with  a 
low  power.  At  the  expiration  of  this  time  the  colonies  of  the  colon 
bacillus  appear  as  round,  yellowish-brown,  and  finely  granular  si>ecks, 
with  well-defined  borders,  while  the  typhoid  colonies  show  a  pecu- 
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liar  flagellate  appearance,  from  2  to  4  fine  colorless  radicles  usually, 
starting  from  a  light,  highly  refractive  central  focus.  After  48 
hours  the  radicles  have  greatly  extended,  and  after  48  to  56  hours 
the  colonies  are  perfectly  developed  and  present  a  picture  which 
strongly  suggests  the  appearance  of  radishes,  minute  interweaving 
branches  being  given  off  in  every  direction,  while  no  difference  can 
be  observed  at  this  time  between  typhoid  and  colon  bacilli  which 
have  been  grown  for  control  in  10-per-cent.  normal— or  bouillon 
gelatin. 

Piorkowski  claims  that  he  has  thus  been  able  to  demonstrate  the 
presence  of  typhoid  bacilli  in  infected  drinking  water,  and  in  the 
feces  of  typhoid  fever  patients  at  a  time  when  a  positive  result 
could  not  vet  be  obtained  with  WidaPs  test. 

Elsnei'^8  method :  The  culture  medium  is  prepared  as  follows : 
An  aqueous  extract  of  potato  (500  grammes  to  the  litre)  is  treated 
with  10  per  cent,  of  gelatin  and  boiled.  The  solution  is  then  treated 
with  2.4  to  3.2  c.c.  of  a  one-tenth  normal  solution  of  sodium  hy- 
drate, in  order  to  secure  the  necessarj'  degree  of  acidity,  and  then 
filtered  and  sterilized. 

When  needed,  a  portion  is  placed  in  an  Erlenmeyer  flask  and 
treated  with  1  per  cent,  of  potassium  iodide.  The  mixture  is  inocu- 
lated with  fecal  material  and  the  necessary  plates  prei)ared.  Upon 
this  medium  only  a  few  species  of  bacteria  will  grow,  principally  the 
bacillus  coli  and  the  typhoid  bacillus.  After  twenty-four  hours  the 
bacillus  coli  colonies  are  already  mature,  while  the  typhoid  colonies 
can  scarcely  be  made  out  with  a  low  power.  After  forty-eight  hours, 
however,  they  apjiear  as  small,  highly  refractive,  extremely  fine, 
granular  colonies,  closely  resembling  drops  of  water,  which  can  be 
readily  distinguished  from  the  large,  much  more  granular,  brownish 
colonies  of  the  bacterium  coli.  This  difference  is  ])ronght  out  par- 
ticularly well  if  diluted  plates  have  been  prepared. 

Brieger,  who  carefully  repeated  the  experiments  of  Eisner,  states 
that  typhoid  bacilli  are  found  in  abundance  in  the  stools  so  long 
as  fever  exists,  but  with  aj)proaching  convalescence  they  dimin- 
ish in  number  and  ultimately  disappear.  If,  notwithstanding  the 
absence  of  fever,  bacilli  are  found  in  notable  numbers  during  conva- 
lescence, a  relapse  may  be  anticipated. 

In  pure  cultures  the  typhoid  bacilli  present  the  following  features  : 
They  occur  in  the  form  of  rods  of  almost  one-third  the  size  of  a  red 
blood-corpuscle,  or  in  threads  composed  of  several  rods,  joined  end 
to  end  (Plate  XI.,  Fig.  3).  The  ends  are  rounded  off;  their 
length  is  equivalent  to  about  three  times  their  breadth.  They  are 
actively  motile  and  provided  with  polar  as  well  as  lateral  flagella. 
They  grow  very  readily  on  bouillon-peptone  gelatin,  and  after  24 
hours  colonies  begin  to    appcjir.     When    slightly   magnified    these 
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present  a  faintly  yellowish  color ;  microscopically  they  are  barely 
visible.  When  kept  at  a  temperature  of  37  °  C.  the  formation  of  spores 
may  be  observed,  especially  when  the  organism  is  grown  on  media 
<X)lored  with  phloxin-red,  or  beuzopurpurin.  Gelatin  is  not  lique- 
fied. Cultivation  in  glucose  bouillon,  in  fermentation  tubes,  does 
not  give  rise  to  the  formation  of  any  gas,  but  after  24  hours  the  en- 
tire fluid  becomes  turbid.  Milk  is  rendered  feebly  acid,  but  is  not 
coagulated.  No  indol  reaction  is  obtained,  when  the  organism  is 
grown  on  peptone-containing  media.  Absolute  identification  is  pos- 
sible by  means  of  Pfeiffer's  agglutination  test  (see  WidaPs  reaction). 

Tubercle  bacilli^  when  present  in  the  feces,  are  indicative  of  intestinal 
tuberculosis,  providing  they  are  observed  upon  repeated  examination 
and  there  are  clinical  symptoms  pointing  to  the  bowels  as  the  seat 
of  the  disease,  as  otherwise  they  may  be  referable  to  swallowed  sputa. 
They  may  be  demonstrated,  as  described  in  the  chapter  on  Sputum. 

In  this  connection  the  green  baeillus  of  Le  Sage,  discovered  in  certain 
forms  of  infantile  diarrhoea,  must  be  briefly  referred  to,  the  stools,  as 
has  been  mentioned,  being  of  a  grass-green  color.  The  production 
of  this  pigment  in  cultures  is  one  of  the  characteristics  of  the  organ- 
ism ;  when  injected  into  the  intestines  of  animals  it  is  said  to  produce 
diarrhoea  and  a  catarrhal  inflammation  of  the  mucous  membrane. 

Booker  has  described  nine  different  bacilli,  as  occurring  in  cases  of 
infantile  diarrhoea.  Seven  of  these  closely  resemble  the  bacillus  coli 
communis.  Bacillus  "  A  "  is  a  bacillus  with  rounded  ends,  measur- 
ing from  3  fi  to  4  fi  in  length  by  0.7  fi  in  breadth.  It  is  motile  and 
liquefying.     Colonies  on  agar  and  potato  present  a  dirty-brown  color. 

The  bacillus  coli  communis,  while  constantly  present  in  normal 
feces,  is  described  at  this  place,  as  modern  investigations  have  shown 
that  it  may  at  times  develop  pathogenic  properties.  It  has  been 
found  in  the  pus  in  cases  of  purulent  perforating  peritonitis,  angio- 
cholitis,  pyelonephritis,  etc.,  and,  as  indicated  elsewhere,  at  times 
forming  the  nucleus  of  gallstones.  It  occurs  in  the  form  of  delicate 
or  coarse  rods,  measuring  about  0.4  /i  in  length,  wliich  manifest  a 
certain  degree  of  motility,  due  to  the  presence  of  one  or  two  polar 
flagella.  The  organism  is  stained  by  the  usual  anilin  dyes,  and  is 
decolorized  by  Gram's  method.  The  colonies  upon  gelatin  closely 
resemble  those  of  the  bacillus  of  typhoid  fever,  forming  small  whitish 
specks  in  the  gelatin,  and  delicate  films  with  serrated  borders  upon  the 
same  medium,  which,  moreover,  is  not  liquefied.  They  also  grow  upon 
potato.  As  in  the  case  of  the  cholera  bacillus  the  nitroso-indol  reaction 
can  be  obtained  when  the  organism  is  grown  upon  i^eptone-containing 
media.     In  solutions  of  glucose  active  fermentation  takes  place. 

The  bacterium  lactis  aerogenes  (Escherich)  closely  resembles  the 
organism  just  described,  and  may  also  at  times  develop  pathogenic 
properties.     It  was  recently  found  in  a  case  of  pneumaturia  and  in 
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one  of  idiopathic  bacteriuria.  It  is  seen  quite  constantly  in  the 
stools  of  sucklings^  but  may  also  be  met  with  in  those  of  adults. 
It  occurs  in  the  form  of  rather  stout  rods,  which  frequently  lie  in 
pairs,  resembling  diplococci.  The  organism  is  non-motile.  Like 
the  bacillus  coli  communis  it  is  decolorized  by  Gram's  method.  In 
plate-cultures  it  forms  a  dense  white  film  ;  in  stab-cultures  a  chain 
of  white  colonies  resembling  beads  is  seen.  In  the  latter,  moreover, 
if  the  stab  is  closed,  bubbles  of  gas  will  be  seen  to  form,  which  rap- 
idly increase  in  number  and  size.  Milk  is  coagulated  in  large  lumps 
in  twenty-four  hours  ;  the  formation  of  gas  is,  at  the  same  time,  much 
more  intense  than  in  the  case  of  the  bacillus  coli  communis. 

The  bacillus  pi/oeyoneiia  has  within  recent  years  been  isolated  from 
the  stools  of  dysenteric  patients,  and  has  been  proven  the  cause  of 
several  epidemics.  The  organism  in  question  is  a  small  motile  bacil- 
lus measuring  from  1-2  ri  in  length  by  0.3-0.5  //  in  breadth.  It 
sometimes  occurs  in  short  chains,  but  is  usually  single.  It  is  stained 
vnth  the  common  anilin  dyes,  and  is  decolorized  with  Gram's 
method.  It  grows  on  the  usual  culture  media,  and  liquefies  gelatin. 
In  2-per-cent.  glucose-bouillon  no  fermentation  takes  place.  Litmus- 
milk  is  curdled  in  about  forty-eight  hours.  Some  varieties  produce 
indol.  Most  characteristic  is  the  production  of  certain  pigments,  viz, 
pyocyanin  and  a  fluorescent  bluish-green  pigment,  which  is  common 
o  almost  all  varieties. 

ProteuH  vuUfansj  Hauser.  This  organism,  while  usually  regarded 
as  non-pathogenic,  should  be  numbered  among  the  bacteria  which 
may  at  times  develop  pathogenic  ]>ro|>erties.  Baginsky  and  Booker 
have  frequently  found  it  in  the  stools  in  cases  of  infantile  summer 
diarrhcca.  Escherich  observed  it  at  times  in  the  meconium.  Others 
have  encountered  it  in  inflammatory  conditions  of  exposed  surfaces, 
in  appendicitis,  in  pcrfonitive  peritonitis,  and  even  in  closed  abscesses, 
either  ahme  or  in  association  with  other  bacteria  (Welch).  A  mixed 
infection  of  the  proteus  and  LofflerV  bacillus  has  also  been  observed. 
The  organism  forms  little  rods,  measuring  about  O.G  fi  in  diameter, 
while  their  length  is  varia])le  ;  at  times  a  more  roundish  form  is  ob- 
served ;  at  others  little  rods  measuring  from  1.2o  //  to  3.75  ji  in 
length,  or  even  long  threads.  They  are  readily  stained,  but  are 
easily  decolorized  by  al(x)hol  or  ( rram's  method.  Most  characteristic 
is  their  growth  upon  nutrient  gelatin.  At  the  temperature  of  the 
room  little  depressions  will  be  observed  after  six  to  eight  hours,  which 
are  surrounded  by  a  narrow  zone  of  bacilli  from  which  a  thin,  ^ride 
film,  provided  with  irregular  projections,  extends  over  the  culture- 
medium.  From  this  film  small  islets  become  separated,  which  slowly 
extend  over  the  gelatin  and  cause  its  liquefaction.  The  organism 
is  motile.  It  decomposes  urea  and  causes  albuminous  putrefaction. 
The  nitn)so-indol  reaction  is  readilv  obtained  in  bouillon-cultures. 
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Ohemistry  of  the  Feces. 

AccordiDg  to  Hoppe-Seyler,  mucin  is  a  constant  constituent  of  the 
feces,  both  under  physiologic  and  pathologic  conditions.  Normally, 
however,  it  is  never  possible  to  recognize  its  presence  either  with  the 
naked  eye  or  with  the  microscope.  In  order  to  demonstrate  the  pres- 
ence of  mucin  in  the  feces  they  are  digested  with  water  and  treated 
with  an  equal  volume  of  milk  of  lime ;  the  mixture  is  allowed  to 
stand  for  several  hours,  when  it  is  filtered  and  the  filtrate  tested  with 
acetic  acid.  In  the  presence  of  mucin  a  cloud  develops  upon  the  ad- 
dition of  the  acid. 

Albumin  is  demonstrated  in  the  feces  by  ti"eating  them  repeatedly 
with  water  slightly  acidified  with  acetic  acid.  The  filtrate  is  then 
examined  for  albumin  according  to  methods  given  elsewhere  (see 
Urine).  Under  normal  conditions  these  reactions  prove  negative. 
Pathologically,  serum-albumin  has  lieen  observed  in  cases  of  typhoid 
fever  and  chlorosis. 

Pepton&i  are  normally  absent  from  the  feces.  They  have  been 
observed  in  typhoid  fever,  dysentery,  tubercular  ulceration,  purulent 
peritonitis  with  perforation  into  the  gut,  atrophic  cirrhosis,  and  car- 
cinoma of  the  liver.     Acholic  stools  are  also  usually  rich  in  peptones. 

The  peptones  are  demonstrated  in  the  following  maimer :  The 
feces  are  digested  with  water,  so  as  to  form  a  thin  mush ;  they  are 
then  boiled,  filtered  .while  hot,  and  the  filtrate  examined  for  albumin, 
so  as  to  be  sure  that  all  of  this  has  been  removed.  The  mucin  is  re- 
moved by  treating  with  acetate  of  lead,  when  the  filtrate  is  examined 
for  peptones  as  descrilxjd  in  the  chapter  on  Urine  (which  see). 

Among  the  cdrhohi/drate^,  starch,  glucose,  and  certain  gums  may 
he  found.  In  order  to  demonstrate  these  the  feces  are  boiled  with 
water,  filtered,  and  evaporated  to  a  small  volume.  This  solution 
may  now  he  tested  with  phenylhydrazin  or  Trommer's  reagent  for 
the  presence  of  glucose  (see  Urine),  and  with  a  solution  of  iixlo- 
potassic  iodide  for  starch  (see  Saliva,  p.  123).  The  residue  is  ex- 
tracted with  alcohol  and  ether,  as  described  under  the  heading  of 
fatty  acids,  and  then  with  water.  The  filtrate  of  the  aqueous  extract 
is  concentrated,  boiled  with  dilute  sulphuric  acid,  and  then  over- 
saturated  with  sodium  hydrate.  This  mixture  is  treated  with  'sul- 
phate of  cop]i)er  and  l)oiled  in  order  to  test  for  dextrin  and  gums. 

Bilc'pif/menf,  which  is  normally  absent  from  the  feces,  occurs  in 
large  amounts  in  catarrhal  conditions  of  the  small  intestine,  and  may 
be  demonstrated  by  Gmelin's  method,  viz,  a  drop  of  the  filtered 
liquid,  or  a  particle  of  liighly  colored  fecal  matter,  is  brought  into 
contact  with  a  drop  of  fuming  nitric  acid,  when  the  yellow  color  will 
be  seen  to  pass  through  the  various  shades  of  the  spectroscope,  the 
green  shade  being  the  most  characteristic. 
1(5 
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At  times,  however,  it  is  not  possible  to  obtain  a  positive  reaction 
in  this  manner,  although  bile-pigment  is  present.  In  such  cases  the 
examination  should  be  conducted  under  the  microscope,  and  attention 
directed  to  bile-stained  epithelial  cells,  leucocytes,  particles  of  mucus, 
and  crystals. 

Whenever  there  is  increased  intestinal  putrefaction  the  fatty  acids, 
phenol,  indol,  and  skatol  will,  of  course,  be  found  in  increased 
amounts. 

Ptomains. — Of  ptomains  only  two  have  been  isolated  from  the 
feces,  under  pathologic  conditions,  viz,  putrescin  and  cadaverin. 
They  have  been  found  in  Asiatic  cholera,  in  cholerina,  dysentery, 
and  in  connection  with  cystinuria.  In  cholera  and  cystinuria  their 
amount  may  be  quite  large.  Baumann  and  v.  Udranszky  thus  ob- 
tained 0.5  grm.  of  the  benzoylated  compounds  from  the  collected 
feces  of  twenty-four  hours.  In  cholera  the  cadaverin  seems  to  pre- 
dominate, while  in  cystinuria  more  putrescin  is  found. 

To  isolate  the  diamins  in  question  the  feces  are  digested  with 
alcphol  which  has  been  acidified  with  sulphuric  acid.  The  alcoholic 
extract  is  evaporated,  the  residue  dissolved  in  water  and  further 
benzoylated,  as  described  in  the  section  on  Urine. 

THE   FECES   IN  VARIOUS   DISEASES   OF   THE 

INTESTINAL   TRACT. 

Acute  Intestinal  Catarrh. — This  condition  follows  the  ingestion 
of  excessive  quantities  of  normal  food,  of  tainted  food  (meat,  fish, 
cheese,  etc.),  beer,  and  of  certain  poisons,  such  as  acids,  alkalies, 
arsenic,  corrosive  sublimate,  etc.,  when  taken  in  toxic  quantities. 
It  is  also  observed  as  the  result  of  a  general  infection,  as  in  summer 
diarrhoea,  cholera  nostras,  typhoid  fever,  and  severe  malaria,  and  is 
associated  with  disturbed  circulatory  conditions,  producing  a  passive 
hyperjemia  of  the  gastro-intestinal  mucosa,  as  in  diseases  of  the  liver 
and  portal  system,  in  chronic  heart  and  lung  diseases,  etc.  How  far 
these  circulatory  disturbances  may  be  considered  as  primary  causes 
remains  to  be  seen.  Possibly  they  merely  act  as  predisposing  causes 
of  certain  chemical  processes  taking  place  in  the  intestinal  contents. 

The  stools  are  usually  increased  in  number  in  proportion  to  the 
degree  in  which  the  large  intestine  is  affected.  Two  or  three,  or 
ten  or  more,  stools  may  be  passed  within  the  twenty-four  hours. 
In  consistence  they  are  mushy  or  even  watery,  containing  in  some 
cases  90  or  95  |)er  cent.  Their  color  is  usually  light  yellow,  but 
may,  at  times,  be  green.  Microscopically,  renmants  of  food  may 
be  found  in  large  quantities,  as  also  numerous  bacteria,  triple  phos- 
phates, isolated  pus-corpuscles,  and  desquamated  cylindrical  epithe- 
lial cells. 
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A  duodenal  catank  can  only  be  diagnosed  when  icterus  exists  at 
the  same  time. 

In  catarrh  of  the  jejunum  n»/i  ileum,  when  the  lai^  intestine  ia  not 
aSected,  the  etoob  are  Rrm,  formed,  and  speckled  with  small  hyaline 
particles  of  mucus,  which  are  visible  only  with  the  microscope.  Usu- 
ally, however,  the  large  iutestine  is  also  affected,  when  the  stools  are 
loose  and  contain  undigested  particles  of  food,  the  latter  indicating 
abnormal  conditions  iu  the  small  intestine.  Bile-pigment  is  also 
met  with,  as  the  contents  of  the  small  intestine  only  give  Gmelin's 
reaction. 

Catarrh  of  the  large  intestine  probably  always  exists  whenever 
diarrhoea  occurs. 

When  the  colon  is  extensively  affected  mucus  appears  in  lat^r 
masses  than  otherwise,  and  if  the  catarrh  is  very  low  down  the  feces 
may  be  formed,  but  arc  covered  with  mucus. 

Fig.  62. 


^66 


Chronic  Intestinal  Catarrh. — This  nmy  follow  an  acute  attack, 
and  may  also  owiir  after  dysentery,  severe  malaria,  typhoid  fever, 
etc,  Diarrhcea  usually  alternates  with  constipation.  It  is  not  very 
common  in  adults,  while  in  children  it  is  quite  fre«|ucully  observed, 
Macroscopically  and  microscopically  it  presents  the  same  picture  as 
in  the  acute  form. 

Ejtteriti"  mrmbnuKum  is  a  form  of  chronic  intestinal  catarrh,  which 
is  essentiaHy  characterized  by  the  evacuation  of  cylindrical  mtisses  of 
mucus,  a.-s  described  on  p.  21 1  (Fig,  62), 

Cholera  Nostras. — This  is  an  infectious  disea-w  affecting  both 
stomach  and  intestines,  and  probably  ilc[>cndent  ujwn  the  presence 
of  the  bacillus  of  Finkler  and  Prior. 

The  stofils  arc  first  fwulent,  but  soon  become  colorless  and  more 
and  more  watery,  until  thoy  ultimately  resemble  the  so-called  rice- 
water  stools  of  cholera  Asiatica,  and  contain  much  sorum-albumin 
and  mucin. 
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Snxnmer  Diarrhoea  of  Infonts. — In  this  disease  six  or  seven 
stools  are  passed  daily,  which  are  more  liquid  than  normally,  of  a 
fetid  odor,  and  contain  flakes  of  casein.  They  are  often  green  when 
passed,  or^may  assume  that  color  on  standing.  Mucus  is  present^ 
and  when  the  colon  is  especially  affected  may  occur  in  sago-like  par- 
ticles. In  severe  forms  pus-corpuscles,  epithelial  cells,  and  small 
amounts  of  blood  may  be  present. 

Booker,  in  his  classical  work  on  the  summer  diarrhoea  of  infants, 
arrives  at  the  conclusion  that  the  disease  in  question  cannot  be  at- 
tributed to  the  presence  of  any  one  particular  micro-organism,  but 
that  the  "  affection  is  the  result  of  the  activity  of  a  number  of  vari- 
eties of  bacteria,  some  of  which  belong  to  well-known  species  and 
are  of  ordinary  occurrence  and  wide  distribution,  the  most  impor- 
tant being  the  streptococcus  and  proteus  vulgaris.''  He  also  found 
that  in  the  colon  the  bacillus  lactis  aerogenes  occurs  in  greater  num- 
ber than  in  the  normal  intestine,  and  that  it  may  even  predominate 
over  the  bacillus  coli  communis.  Among  other  forms  of  bacteria 
which  occur  frequently  and  in  great  abundance  are  small,  short, 
faintly  staining  Imcilli ;  long,  very  slender  bacilli ;  large  bacilli  with 
pointed  ends,  and  small,  faintly  staining  spirilla. 

Dysentery. — This  is  an  infectious  disease,  and  possibly  caused  by 
a  bacillus  discovered  by  Chantemesse  and  Widal.  The  stools  during 
the  first  few  days  are  irregular.  A  moderate  diarrhoea  then  sets  in  ; 
the  stools  are  thin,  but  still  feculent,  and  number  from  five  to  six  per 
diem.  After  several  days  the  diarrhoea  increases  and  the  stools 
now  assume  a  definite  character,  numbering  from  ten  to  twenty  or 
even  fifty  or  sixty  in  the  twenty-four  hours.  At  the  same  time 
they  become  scanty  in  amount,  usually  not  exceeding  10  or  15 
grammes  at  a  time.  They  are  now  sero-sanguineous  in  character, 
and  in  them  may  be  found  smaller  or  larger  pieces  of  necrotic 
tissue.  Microscoi)ically  blood -corpuscles,  particles  of  mucus,  pus- 
corpuscles,  and  numerous  bacteria  are  seen.  According  to  the  pre- 
ponderance of  blood,  pus,  mucus,  etc.,  the  stools  are  termed  sanguine- 
ous, sero-sanguineous,  putrid,  or  nuieoid,  etc.  Shreds  of  mucus, 
resembling  frogs'  eggs  or  kernels  of  tapioca,  which  are,  in  all  prob- 
ability, casts  of  follicles,  are  also  found.  Typical  dysenteric  stools 
do  not,  as  a  rule,  emit  a  marked  (xlor,  but  in  the  gangrenous  form 
they  are  very  offensive. 

Amoebic  Dysentery. — This  form  of  dysentery  is  especially  inter- 
esting, not  so  much  on  account  of  its  prevalence,  however,  as  of  the 
importance  attaching  to  an  early  diagnosis,  as  successful  treatment  is 
altogether  dependent  thereupon,  and  differs  materially  from  that  em- 
ployed in  the  more  usual  forms. 

The  number  of  stools  may  vary  within  very  wide  limits — from  six 
to  twenty  or  even  thirty  in   the  twenty-four  hours.     They  may  be 
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wholly  mucoid,  streaked  here  and  there  with  pus,  and  presenting  a 
few  grayish  threads.  Others  seem  to  be  made  up  of  a  greenish, 
pultaceous  mass,  in  which  at  times  large  greenish,  irregular  sloughs 
are  observed.  Such  stools  are  usually  slight  in  amount.  Occasion- 
ally large  brownish,  liquid  evacuations  are  seen,  in  which  smal 
grayish-white  masses  occur,  imbedded  in  blood-stained  mucus.  Such 
stools  contain  the  diagnostic  amoebse  most  abundantly. 

For  a  satisfactory  examination  the  bed-pan  should  be  well  warmed 
and  brought  to  the  laboratory  immediately  for  examination.  If  this 
is  impractical,  some  of  the  material  may  be  deposited  in  a  suitable 
receptacle,  and  the  small,  grayish-white  masses  placed  upon  a  warmed 
slide,  if  a  warm  stage  is  not  at  hand.  One  preparation  after  another 
must  now  be  carefully  looked  over  for  actively  moving  amoebae,  or 
for  amoeba-like  bodies  which  exhibit  definite  movements.  (For  a 
description  of  these  parasites  see  page  217.) 

In  addition  to  the  amoebae  other  animal  parasites  may  also  be  met 
with,  such  as  the  trichomonas  intestinalis,  which  is  at  times  present 
in  very  large  numbers. 

Red  blood-corpuscles  in  greater  or  less  abundance,  numerous  pus- 
corpuscles,  more  or  less  degenerated  cylindrical  epithelial  cells, 
bacteria  of  all  kinds,  and  even  large  pieces  of  necrotic  tissue  may  be 
found. 

Cholera  Asiatica. — In  this  diseaise  the  stools  are  very  numerous, 
being  at  first  feculent,  but  soon  becoming  rice-water  like.  As  large 
a  quantity  as  200  grammes  may  be  passed  at  each  evacuation.  The 
stools  are  colorless,  almost  odorless,  watery,  and  on  standing  a  finely 
granular,  grayish-white  sediment  may  be  seen  to  form  at  the  bottom. 
The  reaction  is  neutral  or  alkaline.  They  contain  only  0.5  per  cent, 
of  solids?,  a  little  serum-albumin,  and  a  large  amount  of  sodium 
chloride.  In  severe  cases  blood  is  present  in  variable  amount. 
Microscopically,  epithelial  cells,  triple  phosphate  crystals,  and  numer- 
ous micro-organisms  are  found.  Of  the  latter  the  comma-bacillus 
is,  of  course,  the  most  important  (see  p.  236). 

Typhoid  Fever. — Typhoid  stools  are  usually  described  as  re- 
sembling pe^a-soup  both  in  consistence  and  color.  Their  odor  is 
generally  hitjjhly  offensive  and  characteristic.  They  contain  a  large 
amount  of  biliary  coloring-matter  and  have  almost  always  an  alkaline 
reaction.  Microscopically  many  bile-stained  epithelial  cells,  some 
leucocytes,  many  triple  phosphate  crystals,  and  an  enormous  number 
of  micro-organisms,  especially  the  Clostridium  butyricum  of  Noth- 
nagel  and  Eberth's  bacillus,  are  found.  Later  on  they  may  assume 
the  appearance  of  ulcerative  stools  and  become  almost  black,  owing 
to  the  presence  of  blood. 
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MECONIUM. 


By  meconium  are  meant  those  masses  which  are  first  excreted  from 
the  bowel  after  birth.  It  is  a  thick,  tenacious,  greenish-brown  mate- 
rial, which  has  accumulated  during  the  intra-uterine  life  of  the  infant. 
Microscopically  a  few  cylindrical  epithelial  cells,  a  few  fat-droplets, 
numerous  cholesterin-crystals,  bilirubin-crystals,  and  lanugo-hairs 
are  found. 

Micro-organisms  are  absent,  but  soon  after  suckling  has  com- 
menced they  appear  in  abundance.  The  most  important  ones  of  those 
which  are  then  constantly  present  are  the  bacilhis  lactis  aerogenes, 
which  predoniinatcs  in  the  small  intestine,  and  the  bacillus  coli 
communis,  which  is  found  more  particularly  in  the  large  intestine. 
Both  have  already  been  described  (see  p.  39). 

In  addition  to  these  proteus  vulgaris,  streptococcus  coli  brevis, 
micrococcus  ovalis,  tetradencoccus,  torula  cerevisise,  torula  rubra, 
and  a  few  less  important  micro-organisms  have  been  found. 

Chemically  meconium  contains  bilirubin  in  considerable  amount 
(recognizable  by  Gmelin's  reaction),  biliary  acids,  fatty  acids, 
chlorides,  sulphates,  phosphates  of  the  alkalies  and  their  earths. 
It  does  not  contain  urobilin,  glycogen,  peptones,  lactic  acid,  tyrosin, 
or  leucin. 

An  idea  may  be  formed  of  its  composition  from  the  following 
table  of  Zweifel : 


Water 
Solids 

Mineral  matter 
Cholesterin 
Fats  . 


79.8-80.5  per  cent. 
19.5-20.2 

0.978         •* 

0.797 

0.772         " 


CHAPTER   V 


THE   XASAL  SECRETION. 


Is  the  nasal  secretixu  which  is  small  in  anKHint«  tnmspaiviii^ 
coloiicse^,  odorless,  teoacioos.  and  of  a  slighilr  saline  ta$it\  pav1^« 
meDt-epithelial  oelb  in  lars^  nambers«  oilbt«e>d  c|Hthelial  cells^  a<  well 
as  some  leucocyte?  and  an  enormous  number  of  mion>^^T^!anism$«  are 
fbond  (Tig.  ^^).     Its  reaction  is  alkaline. 


Fig.  ^l. 


Kpithelial  celU  &od  mucou5  cv>rpu$cK^i  found  in  th^  na^al  5<(vrctu^n. 

In  acute  corvza  the  amount  is  at  first  dinHuishtHl*  hut  soon  a  vorv 
copious  secretion  occurs,  which  contains  numon>us  epithelial  ct^Ils 
and  micro-organisms.  When  t\>mplicat<Hl  with  an  uUx^rative  i\>ndi- 
tion  pus  is  obser\'ed  in  considerable  amount. 

Occasionally,  as  in  wises  of  traumatism,  tx^rt^bral  tumoi's,  etc., 
cerebro-spinal  fluid  is  discharginl  thn>ugh  the  nose,  antl  may  Ik* 
recognized  by  the  fact  that  it  is  free  fn>m  albumin  antl  ixuitains  a 
substance  which  reduces  Fehling's  solution. 

Of  pathogenic  organisms  the  tubercle  bacilhis  ami  the  Imcillus  of 
glanders  may  occur  in  ulcerative  diseases  of  the  nose,  their  prt^seuet* 
indicating  the  existence  of  the  corres]>on(ling  afieetit>n.  In  o/4enn  a 
large  diploco(»cus  has  been  describeil  by  LowenlnTg,  which  is  sjiid  to 
be  characteristic  of  the  disease.  OVdium  albicans  has  luvn  observinl 
in  rare  cases.  The  meningococcus  intracellularis  of  Woichselbaum, 
which  is  now  (juite  generally  regarded  as  the  cause  of  epidemic 
cerebro-sj)inal  meningitis,  has  also  l)ecn  demonstrated   in  the  nawl 
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secretion  of  healthy  individuals.  This  fact  helps  to  explain  the 
origin  of  those  cases  of  meningitis  which  develop  after  injuries  to 
the  skull. 

Ascarides  and  other  entozoa  have  also  been  found.  The  Charcot- 
Leyden  crystals  (see  p.  196)  have  been  observed  in  the  nasal  secre- 
tion in  cases  of  bronchial  asthma,  and  in  connection  with  nasal 
polypi.  Their  presence  is  usually  accompanied  by  the  simultaneous 
occurrence  of  eosinophilic  leucocytes. 


CHAPTER  VI. 

THE  SPUTUM. 


Oeii«ral  Techniqiie. 

The  iiputum  should  be  collected  in  suitable  receptacles,  constructed 
iu  BUch  a  mauDer  as  to  permit  of  their  complete  and  easy  disinfec- 
tioD.  The  paper  apit-cu^is  (Fig.  C4)  which  have  been  introduced 
mthin  late  years  are  admirably  adapted  to  this  purpose,  as  they  may 
be  destroyed  immediately  after  use. 


When  ifork-inr/  with  Sjiuia  which  art  knoirn  or  Miiapecled  to  he  of 
tubercular  oriijin,  the  fir&iteM  care  »lioiild  be  excrrincd  to  keep  t/ie  ex- 
pectoration from  dryiii'i  ant)  becomimj  dinaeminatetl  in  the  air.  Negli- 
gence ill  thiK  rexpei-t  maif  reuult  in  the  iiio^.  serioiw  coHnei/uencen. 

The  nmcroscopie  examination  of  sputa  is  most  eonveuiently  carried 
out  by  placing  sninll  portions  of  the  luatcrlnl  upon  a  plate  of  ordinary 
window-glass,  of  suitable  sl/x?,  which  lia^  been  painted  black  upon 
its  lower  surface,  and  covering  the  same  with  a  second,  smaller 
plate.  If  it  is  desired  to  cxamiue  individual  constituents  which 
have  been  discovered  in  this  manner,  the  upper  plate  is  slid  off  until 
the  particle  iu  question  is  uncovered,  when  it  may  be  removed  to  a 
microscopic  slide  and  examined  under  a  higher  |>ower. 
249 
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It  is  also  very  convenient  to  have  a  portion  of  the  laboratory  table 
painted  black,  when  unstained  plates  of  glass  may  be  utilized.     If 
these  measure  about  15  by  15  cm.  and  10  by  10  cm.,  respectively, 
fairly  large  quantities  of  sputum  may  be  examined  in  situ  with  a  low 
power. 

(General  Characteristics  of  the  Sputa. 

The  Amount. — ^The  amount  of  sputum  expectorated  in  the  twenty- 
four  hours  varies  within  very  wide  limits,  depending  largely  upon 
the  nature  of  the  disease.  Thus,  only  a  few  c.c.  may  be  eliminated,, 
or  the  amount  may  reach  600  to  1,000  c.c,  and  even  more.  Very 
large  quantities  are  expectorated  in  cases  of  pulmonary  hemorrhage 
and  oedema  of  the  lungs,  also  following  the  perforation  of  accumu- 
lations of  pus  from  the  thoracic  or  abdominal  cavities  into  the  respi- 
ratory passages ;  furthermore,  in  cases  in  which  large  vomicae  of 
tubercular  or  gangrenous  origin  exist,  and  finally  in  cases  of  abscess 
of  the  lung,  bronchiectasis,  and  even  in  simple  bronchial  blennorrhoea. 
In  incipient  phthisis,  acute  bronchitis,  and  in  the  first  and  second 
stages  of  pneumonia,  on  the  other  hand,  the  amount  is  usually  smalL 

In  private  practice,  as  well  as  in  hospital  work,  an  idea  should 
always  be  formed  of  the  amount  expectorated  in  the  twenty-four 
hours,  especially  in  cases  in  which  this  is  abundant.  It  is  apparent 
that  a  copious  and  long-continued  expectoration  cannot  go  on  without 
exerting  very  detrimental  eflFects  upon  the  patient's  general  nutri- 
tion ;  in  cases  of  pulmonary  phthisis,  for  example,  Renk  has  shown 
that  3.8  per  cent,  of  all  nitrogen  eliminated  in  such  cases  is  removed 
in  this  manner.  I^anz  in  his  recent  experiments  even  found  5  per 
cent. 

Consistence. — The  consistence  of  the  sputum  corresiX)nds,  in  a 
general  way  at  least,  to  its  amount,  and  may  vary  from  a  liquid  to  a 
highly  tenacious  state.  The  cause  of  the  tenacity  of  the  sputum  is 
but  imperfectly  understood.  The  mucin  present  does  not  appear  to 
be  the  most  important  factor,  as  this  has  been  observed  to  occur  in 
diminished  amount  in  pneumonic  sputa,  which  are  noted  for  their 
high  degree  of  tenacity.  Kossel  has  suggested  that  this  phenomenon 
may  be  due  to  the  presence  of  nucleins  or  nuclein  derivatives,  while 
others  agjiin  refer  it  to  the  presence  of  abnormal  albuminous  bodies 
of  unknown  character.  However  this  may  be,  sputa  are  at  times  and 
not  at  all  infrequently  seen,  where  it  is  possible  to  invert  the  cup 
without  loosing  a  drop  of  its  contents.  This  is  observed  especially  in 
cases  of  acute  croupous  pneumonia  up  to  the  time  of  the  crisis,  pro- 
viding that  a  catarrh  of  the  bronchi  does  not  exist  at  the  same  time. 
It  is  noted,  furthermore,  in  cases  of  acute  bronchial  asthma,  immedi- 
ately after  an  attack,  and  also  in  the  initial  stage  of  acute  bronchitis. 

In  cases  of  oedema  of  the  lungs,  on  the  other  hand,  the  sputa  are 
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liquid  and  present  the  general  characteristics  of  blood  serum^  being 
covered,  like  all  albuminous  liquids  when  brought  into  contact  with 
the  air,  by  a  frothy  surface-layer.  The  sputa  observed  in  cases  of 
acute  pulmonary  gangrene,  pulmonary  abscess,  putrid  bronchitis,  and 
following  perforation  into  the  lungs  of  an  empyema  or  an  accumula- 
tion of  pus  situated  beneath  the  diaphragm,  are  fluid  and  consist  of 
pure  pus. 

Color. — The  color  of  the  sputa  may  vary  greatly.  They  may  be 
perfectly  clear  and  transparent,  gray,  yellow,  green,  red,  brown,  and 
even  black.  Purely  mucoid  expectoration  is  almost  transparent  and 
colorless,  as  is  also  the  sputum  of  pulmonary  oedema  when  not  mixed 
with  blood  or  pus. 

The  larger  the  number  of  leucocytes  the  more  opaque  does  the 
sputum  become,  assuming  at  first  a  white,  then  a  yellow,  and  finally 
a  greenish  color,  the  two  latter  colors  being  usually  indicative  of  the 
presence  of  pus.  Green  sputa,  however,  may  also  be  observed  when 
bile  pigment  has  become  admixed  to  the  sputa,  as  in  cases  of  perfo- 
ration of  a  liver-abscess  into  the  lung.  Green  sputa  may  also  be  ob- 
served in  cases  of  jaundice,  and  especially  in  pneumonia  when  accom- 
panied by  icterus.  In  cases  of  amoebic  liver-abscess  with  perforation 
into  the  lung  the  sputa  present  a  color  resembling  anchovy  sauce, 
which  is  very  characteristic.  In  one  case  I  could  recognize  the  na- 
ture of  the  disease  by  simple  inspection  of  the  sputa. ^ 

The  inhalation  of  particles  of  carbon  gives  the  sputum  a  grayish 
or  even  a  black  color ;  the  same  or  an  ochre-yellow  or  red  color  is 
observed  in  cases  of  siderosis. 

A  red  color  is  usually  indicative  of  the  presence  of  bloody  the  in- 
tensity of  the  shade  depending  upon  the  character  of  the  disease. 
It  is  seen  especially  after  the  formation  of  cavities,  in  caseous  pneu- 
monia, in  incipient  phthisis,  heart-disease,  etc.  In  general  it  may 
be  said  that  a  clear,  bright-red  color  indicates  an  arterial,  a  dark- 
red  or  bluish -red  a  venous  origin  of  the  hemorrhage.  The  exact 
shade  will  depend  upon  the  length  of  time  that  the  blood,  no  matter 
what  its  origin  may  l)e,  has  remained  in  the  lungs.  In  pulmonary 
gangrene  a  dirty  brownish-red  color  is  observed,  owing  to  the  pres- 
ence of  methiemoglobin,  and,  to  some  extent  also,  of  haematin. 
Quite  characteristic  is  a  chocolate-color,  which  is  observed  when  a 
croupous  pneumonia  terminates  in  necrosis  and  gangrene.  Equally 
characteristic  is  the  rusty  and  prune-colored  exi)ectoration  seen  in  cases 
of  pneumonia.  Occasionally  a  breadcrust-brown  color  is  observed  in 
cases  of  gangrene  and  abscess  of  the  lung,  which  is  quite  character- 
istic, the  color  being  due  to  the  presence  of  hajmatoidin  or  bilirubin. 

Rust-colored,  punctate,  or  striped  sputa,  moreover,  are  said  to  be 
diagnostic  of  l)n)wn  induration  of  the  lung. 

'  See  Jolins  Hopkins  Hospital  Bulletin,  November,  1890. 
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Odor. — Most  sputa  are  odorless.  Under  certain  conditions,  how- 
ever, there  may  be  a  very  marked  odor.  In  cases  of  pulmonar}" 
gangrene  or  putrid  bronchitis  the  odor  is  of  a  kind  never  to  be  for- 
gotten, the  stench,  indeed,  being  frightful.  A  somewhat  similar, 
slightly  sweetish  odor  is  observed  in  certain  cases  in  which  putre- 
factive organisms  have  entered  the  lungs  and  there  exert  their  action 
upon  the  accumulated  sputa,  in  the  absence  of  gangrene,  as  in  cases 
of  bronchiectasis,  perforating  empyema,  and  where  ulcerative  proc- 
esses are  taking  place  in  the  lungs,  whether  these  be  of  tubercular 
origin  or  not.  An  odor  like  that  of  old  cheese  is  occasionally  ob- 
served in  cases  of  perforating  empyema ;  under  such  conditions 
tyrosin  is  usually  found.  This  body,  however,  has  nothing  to  do 
with  the  odor  of  the  sputa ;  both  factors  are  merely  indicative  of 
certain  putrefactive  changes  going  on  in  the  lungs.  According  to 
Leyden,  the  occurrence  of  tyrosin  in  sputa  is  usually  indicative  of 
the  perforation  of  an  old  accumulation  of  pus  into  the  lungs. 

Specific  Gravity. — ^The  specific  gravity  of  sputa  varies  within 
wide  limits ;  mucous  sputa  have  a  specific  gravity  of  1.004  to  1.008, 
purulent  sputa  one  of  1.015  to  1.026,  and  serous  sputa  one  of  1.037 
or  more. 

Conflgaration  of  Sputa. — As  a  general  rule,  the  following  forms 
of  sputa,  which  may  be  termed  pure  sputa,  present  a  homogeneous 
appearance : 

Mucoid  sputai  1 

Krspur-  Homogeneous  sputa, 

Sanguineous  sputa,  J 

with  one  exception,  perhaps — the  typically  rusty  sputa  of  croupous 
pneumonia;  while  mixtures  of  any  two  or  three  of  these  may  be 
classed  as  heterogeneous  sputa  : 

Muco-purulent  sputa,  | 

Muco-seroiis  sputa,  I  u  *  « 

fj  _  .     '       '     .  )  Heterogeneous  sputa, 

hero-sanguineous  sputa,  [  ^  ' 

Sanguino-muco-purulent  sputa,     J 

The  so-called  sputum  cruduni  of  the  first  stage  of  acute  bronchitis 
may  be  regarded  as  an  example  of  a  purely  mucoid  sputum.  A 
purely  purulent  sputum  is  usually  indicative  of  the  perforation  of  an 
empyema  or  any  other  accumulation  of  pus  into  the  lungs  or  bronchi, 
of  pulmonary  abscess,  or  of  bronchial  blennorrhoea.  A  purely  serous 
sputum  is  found  in  cases  of  pulmonary  a?dema,  and  a  purely  hemor- 
rhagic sputum  in  cases  of  severe  pulmonary  hemorrhage. 

Of  the  heterogeneous  sputa,  the  most  important  are  the  so-called 
nummular  sputa  of  phthisis,  in  the  second  and  third  stages.  These 
are  characterized  by  the  fact  that,  when  thrown  or  expectorated  into 
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water,  they  sink  to  the  bottom  and  there  form  more  or  less  roundish 
ooin-lik^  disks,  from  which  property  they  have  received  their  name. 
Such  sputa  are  muco-purulent  in  character,  and  contain  imbedded  in 
a  more  or  less  homogeneous  mass  of  mucus  a  focus  of  almost  pure 
pus.  Quite  different  from  these  are  the  so-called  sputa  globosa  of 
the  ancients,  which  consist  of  fairly  dense,  roundish,  grayish-white 
masses ;  they  are  secreted  in  old  cavities  which  have  become  lined 
with  a  granulation-membrane. 

Very  important  is  the  presence  of  small,  cheesy  particles,  which  are 
occasionally  found  at  the  bottom  of  the  spit-cup.  They  vary  in  size 
from  that  of  a  millet-seed  to  that  of  a  pea,  and  are  obser\'ed  espe- 
cially in  the  second  and  third  stages  of  phthisis.  Usually  they  con- 
tain tubercle  bacilli  in  large  numbers,  and  frequently  also  elastic 
tissue. 

Not  to  be  confounded  with  these,  are  certain  small,  caseous  masses 
which  are  at  times  expectorated  by  perfectly  normal  individuals,  and 
also  by  patients  suffering  from  acute  tonsillitis,  oz^ena,  etc.,  and 
which  probably  come  from  the  tonsils  or  mucous  cysts.  They  were 
formerly  regarded  as  tubercles,  and  in  hypochondriac  individuals 
their  expectoration  may  cause  a  great  deal  of  anxiety.  They  are 
quite  readily  distinguished  from  the  true  caseous  masses  expectorated 
by  phthisical  individuals  by  the  follo>ving  characteristics  :  As  a  rule, 
they  are  expectorated  unaccompanied  by  any  admixture  of  pus  or 
even  of  mucus ;  rubbed  between  the  fingers  they  emit  an  extremely 
offensive  odor,  which  is  referable  to  the  presence  of  fatty  acids ;  an 
examination  for  tubercle  bacilli,  moreover,  will  prove  entirely  nega- 
tive. Quite  characteristic,  furthermore,  is  the  peculiar,  finely  floc- 
culent,  granular  appearance  of  the  sputa  seen  after  the  perforation  of 
an  empyema  into  the  lungs  through  a  small  ajxTture,  wliich  is  not 
followed  by  pneumothorax. 

Occasionally,  as  in  putrid  bmnchitis,  and  gangrene  of  the  lungs, 
and  also  in  chronic  bmnchitis,  ultimately  leading  to  the  formation 
of  bronchieetatic  cavities,  an  exquisite  sedimentation  is  observed. 
Such  sputa,  when  collected  in  a  conical  glass,  present  three  distinct 
zones :  the  one  at  the  bottom  contains  the  cellular  elements  of  the 
sputum,  the  second  the  pus-serum,  and  the  third  or  superficial 
layer  consists  of  mucus  and  contains  many  air-bubbles. 

Macroscopic  Constituents  of  Sputum. 

Elastic  Tissue. — Of  macroscopic  constituents  which  may  be  ob- 
served in  sputa  there  may  be  mentioned,  first  of  all,  the  occurrence 
of  threads  of  elastic  tissue  and  pulmonary  parenchyma,  which  are 
seen  in  eases  of  phthisis,  pulmonary  abscess,  and  gangrene.  As 
their  ultimate  recognition,  however,  largely  depends  upon  a  micro- 
scopic examination,  this  subject  will  be  considered  later  on. 
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Fibrinous  Casts. — Fibrinous  casts  are  observed  especially  in 
cases  of  croupous  pneumonia  (Fig.  65),  immediately  before  or  after 
resolution  has  taken  place.  They  are  also  seen  in  erases  of  so-called 
fibrinous  bronchitis  (Fig.  66),  and  in  diphtheria,  when  the  membrane 
has  extended  into  the  finest  ramifications  of  the  bronchi.  These 
casts  may  vary  in  size  from  12  cm.  in  length  by  several  mm.  in 
thickness  to  small  fragments  which  measure  only  from  0.5  to  3  cm. 
in  length.     The  fibrinous   casts  observed   in  cases  of  pneumonia. 

Fig.  65. 


Fibrinouii  coagulum  fruni  a  case  of  croupous  pneumonia.     (Hizzozkuo.) 

usually  from  the  third  to  the  seventh  day,  are  of  the  latter  size  or 
even  smaller,  being  derived  from  the  ultimate  twigs  of  the  finest 
bronchioles.  Those  found  in  the  rather  rare  disease,  fibrinous  bron- 
chitis, stand  between  these  two  in  size,  being  casts  of  the  smaller  and 
medium-sized  bronchi.  Attention  is  usually  attracted  to  the  presence 
of  such  casts  by  their  white  color  ;  often,  however,  they  are  yellow- 
ish-brown or  reddish-yellow,  owing  to  the  presence  of  blood-coloring 
matter  which  has  become  deposited  ui)on  the  casts ;  at  other  times 
they  are  enveloped  in  mucus,  when  their  recognition  may  become 
quite  difficult.  Such  casts,  when  examined  more  carefully,  will  be 
seen  to  branch  dichotomously,  and  to  contain  a  cavity  in  their  larger 
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portion,  while  the  finer  branches  appear  to  be  solid.  Microscopically 
they  may  be  shown  to  consist  of  a  large  number  of  fibres,  which  are 
arranged  longitudinally,  or  in  a  net-like  manner,  and  contain  blood- 
corpuscles  and  epithelial  cells  in  their  meshes.  When  treated  with 
Weigert's  fibrin-stain  they  are  beautifully  resolved.  Charcot- Ley  den 
crystals  have  at  times  been  observed  in  these  formations. 


Whenever  it  is  desired  to  examine  sptitu  for  casts  it  is  best  to  pick 
out  particles  that  look  promising,  upon  a  dark  or  light  surface,  and 
then  to  shake  them  out  in  water.  For  such  purposes  Kronig's 
sputum-plate  can  bo  strongly  recommended, 

Ourschmann'S  Spirals. — Quite  distinct  from  the  formations  just 
describeil  are  the  so-called  spirals  of  Curschmann,  which  are  ob- 
served esiK-cially  in  cases  of  true  bronchial  asthma,  but  also  occur  in 
chronic  bronchitis,  and  even  in  croupous  pneumonia.  Upon  careful 
examination  they  will  Im:  seen  to  consist  of  thick,  yellowish -white 
masses,  which  exhibit  a  spirally  twisted  appearance,  and  are 
characterized,  moreover,  by  their  more  solid  consistence  and  light 
color.  Microseopitsilly,  Curschmann's  s])irals  are  composed  of  a 
spirally  twisted  network  of  extremely  delicate  fibrils,  containing 
epithelial  celU  and  numerous  leucocytes ;  the  latter  are  almost  all  of 
the  eosinophilic  variety.     Usually,  but  not  invariably,  Charcot-Ijey- 
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den  crystals  are  also  seen.  The  spirally  twisted  mass  is  found  to  be 
wound  around  a  central,  very  light  and  clear  thread,  which  usually 
has  a  zig-zag  course  (Fig.  67). 
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Other  formations,  probably  mere  varieties  of  those  jnst  described, 
have  also  been  observed,  in  which  the  central  tlin'ud  is  al>seDt  or  in 
which  the  spiral  arrangement  is  deficient.  The  spiral  form,  how- 
ever, with  the  central  thread,  must  be  considered  as  the  most  cliar- 
acteristic.  Their  length  and  breadth  may  vary  a  great  deal,  but 
rarely  exceeds  1  to  1.5  cm.     Their  occnrrence  seems  always  to  indi- 


cate a  deMjuaniativc  catarrh  of  the  bron<-lii  and  alveoli,  but  practically 
nothing  iw  known  concerning  their  formation.  If,  in  a  given  case, 
the  diagnosis  rests  between  true  bronchial  and  wliat  may  be  termed 
reflex  asthma,  the  presence  of  these  formations  points  to  the  existence 
of  the  former  disease.  Cliemically  the  spirally  wound  mass  seems  to 
consist  of  a  mucinous  substance,  while  the  central  thread  is  [wasibly 
of  fibrinous  origin. 


PLATE    XII. 
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Sputum  from  a  Case  of  Bronchial  Asthmn.  showing  large  mini 
hers  of  Eosinophilic  Leucocytes  anci  Free  Granules. 


It    will    l»€  ntited   that  llic  leucocytes  are   ull    mt.nnunclear.      iKye-piete    j.  i.ljeiiivu    i-8.  Han-xb  and    I.<inih. 
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Charcot-Leyden  crystals  (Fig.  68),  which  are  usually  absent  at 
the  beginning  of  an  attack  of  asthma,  at  which  time  only  the  spirals 
are  observed,  may  be  seen  to  develop  from  the  spirals  when  these  are 
kept  for  several  days.  They  will  be  considered  later  on  in  studying 
the  chemistry  of  the  sputum. 

Echinococcns  Membranes. — Echinococcus  membranes  come  from 
a  perforating  cyst  of  the  liver,  kidney,  or  lung.  They  constitute 
rather  thick,  and  at  the  same  time  tough,  pieces  of  membrane  (Fig. 
69) ;  occasionally  entire  sacs  are  seen,  of  the  color  of  white  porcelain, 
in  sections  of  which  it  is  possible  to  make  out  a  fibrillated  structure. 
The  disease  is  rare  in  this  country. 

Concretions. — Still  rarer  is  the  expectoration  of  concretions  which 
have  formed  in  dilated  portions  of  the  bronchi  or  in  tubercular  cavi- 
ties, or  of  calcified  bronchial  glands  that  have  found  their  way  into 
the  lungs.  Curious  examples  of  the  occurrence  of  such  concretions 
have  l>een  reported.  Andral  thus  cites  a  case  of  phthisis  in  which 
within  eight  months  as  many  as  200  stones  were  expectorated,  and 
Portal  mentions  a  case  in  which  500  were  thus  expelled. 

Foreign  Bodies. — Foreign  bodies  which  have  accidentally  entered 
the  air  passages  and  have  remained  there  for  a  long  time  may  also  be 
found  in  the  sputum.  Heyfelder  mentions  a  case  in  which  a  man 
coughed  up  a  wooden  cigar-holder  with  pus  and  blood  after  eleven 
and  a  half  vears. 

Blicroseopie  Examination. 

Under  this  heading  it  is  necessary  to  consider  leucocytes,  red 
blood-corpuscle8,  epithelial  cells,  elastic  fibres,  corpora  amylacea, 
parasites,  and  crystals. 

Leucocytes. — Leucocytes,  usually  poly  nuclear  in  character,  are 
found  in  every  sputum  in  considerable  numbers,  imbedded  in  a 
homogeneouj?,  more  or  less  tenacious  material.  At  times  they  appear 
very  granular,  containing  fat-droplets,  or  granules  of  pigment,  such 
as  carbon  or  ha^matoidin.  Their  number  varies  considerably,  being 
naturally  greatest  in  cases  of  ]x^rforating  abscess,  empyema,  putrid 
bronchitis,  etc. 

While  the  leucocytes,  which  are  usually  found  in  the  sputum,  are 
of  the  ueutrophilic  variety,  eosinophiles  may  also  be  observed,  and 
esiwcially  in  asthmatic  sputa,  where  they  often  predominate.  Free 
eosinophilic  grannies  are  tlien  also  seen,  and  I  have  repeatedly  observed 
specimens  in  which  the  spirals  (see  above)  were  literally  covered  'svith 
these  granules  (Plate  XI  I.).  The  presence  of  eosinophilic  leucocytes 
is,  however,  not  characteristic  of  the  sputa  of  bronchial  asthma,  as 
thev  inav  be  met  with  in  other  diseases  as  well.  Teichmiiller  has 
recently  pointed  out  that  they  are  present  in  a  large  percentage  of 
tubercular  cases  and  mav  be  found  months  before  tubercle  bacilli 
17 
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can  be  demonstrated.  He  regards  their  occurrence  as  evidence  of  a 
defensive  struggle  on  the  part  of  the  body,  which  is  most  evident  in 
fairly  strong  individuals.  In  recovery  a  gradual  increase  in  their 
number  is  always  noticeable,  and  a  diminution,  Teichmiiller  thinks, 
is  indicative  of  a  relapse,  or,  if  the  diminution  occurs  rapidly,  of 
florid  consumption.  These  statements,  however,  lack  confirmation 
and  are  probably  too  dogmatic. 

Basophilic  leucocytes  have  also  been  observed. 

Bed  Blood-corpuscles. — The  presence  of  red  blood-corpuscles  in 
small  numbers  does  not,  by  any  means,  indicate  serious  pulmonary  or 
cardiac  disease,  as  they  may  be  found  in  almost  any  sputum,  and 
especially  in  that  of  individuals  who  smoke  much  or  live  in  a  smoky 
atmosphere  ;  they  are,  without  doubt,  derived  from  the  catarrhal ly 
inflamed  bronchial  or  tracheal  mucosa.  Whenever  they  occur  in 
large  numbers,  however,  their  presence  becomes  important.  They 
may  thus  be  observed  in  acute  bronchitis,  pneumonia,  oedema  of  the 
lungs,  bronchiectasis,  abscess,  gangrene — in  fact,  in  all  pulmonary 
diseases.  Their  occurrence  is  most  important  in  phthisis,  and  is,  in 
fact,  one  of  the  most  constant  symptoms  of  the  disease. 

The  form  of  the  red  corpuscles  will  depend  upon  the  length  of 
time  that  they  have  remained  in  the  lungs,  and  all  gradations  from 
the  typical  red  cx)rpuscle  to  its  shadow,  or  even  fragments,  may  thus 
be  observed.  In  pneumonia  the  microscopic  examination  may  at 
times  be  disappointing,  the  appearance  of  the  sputum  suggesting 
that  red  corpuscles  in  large  numbers  are  present,  while,  as  a  matter 
of  fact,  they  are  almost  all  destroyed,  the  color  being  due  to  altered 
pigment.  It  may  even  be  necessary  at  times  to  depend  upon  chem- 
ical methods  to  clear  up  any  doubt  as  to  the  source  of  the  color  of 
the  sputum.  It  should  always  be  remembered  that  the  presence  of 
blood-pigment  is  not  always  indicated  by  a  red  color,  but  that  it  n)ay 
also  assume  a  golden-yellow  or  even  a  greenish  tinge,  owing  to  cer- 
tain chemical  changes  which  have  taken  place.  The  golden-yellow 
and  the  grass-green  sputii  observed  in  cases  of  pneumonia  during 
convalescence  belong  to  this  class. 

Epithelial  Cells. — Epithelial  cells  may  also  be  observed  in  the 
sputum.  While  a  great  deal  of  information  might  be  expected  from 
their  presence  from  a  diagnostic  point  of  view,  as  accurately  indi- 
cating the  parts  of  the  respiratory  tract  attacked  by  disease,  the  data 
obtained  are  of  little  value. 

Cylindrical  epithelial  cells,  providing  they  do  not  come  from  the 
nose,  indicate  in  a  general  way  an  inflammatory  condition  of  the 
lower  larynx,  trachea,  or  bronchi.  They  are  not  of  much  im|K)r- 
tance,  however,  as  their  form  is  usually  so  much  altered  that  it  is 
often  difficult  to  recognize  them  ;  they  may  tlius  become  polyhedral, 
cuboidal,  or  even  round,  and  can  then  hardly  be  distinguished  from 
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eiicocytes.  Actively  moving  cilia  can  be  found  only  in  perfectly 
resh  sputa^  immediately  after  being  expectorated.  If  ciliated  epi- 
helial  cells  can  be  definitely  recognized  in  a  sputum,  it  may  be  in- 
erred  that  we  are  dealing  with  a  pathologic  condition  of  an  acute 
nature,  providing,  of  course,  they  did  not  come  from  the  nose. 


Fig.  70. 
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Kpithelium.  leucocytes,  and  crystals  of  the  sputum  (eye-piece  III.,  objective  8  A,  Reichert) : 
a,  a',  a",  alveolar  epithelium  ;  6,  myeline  forms  ;  c,  ciliated  epithelium  ;  d,  crystals  of  calcium  car- 
bonate ;  f,  hiematoidin  crystals  and  masses  ;  /,/,/,  white  blood-corpuscles  ;  ff,  red  blood-corpuscles; 
A,  8r|uamou8  epithelium,     (v.  Jaksch.) 

Much  importance  was  formerly  attached  to  the  so-called  alveolar 
epithelial  eelh  (Fig.  70)  as  an  aid  in  diagnosis.  Buhl  thus  imagined 
these,  particularly  when  undergoing  fatty  or  myelin  degeneration, 
to  be  absolutely  pathognomonic  of  pulmonary  disease,  and  especially 
of  that  form  of  pneumonia  which  has  been  termed  essential  idiopathic 
desquamative  pneumonia.  Bizzozero,  hovnever,  as  well  as  others, 
have  shown  that  these  cells  do  not  only  occur  in  almost  every  known 
pulmonary  disease,  but  also  in  the  so-called  "  normal ''  expectoration, 
which  at  times  is  obtained  upon  making  a  very  forcible  expiration. 

Bizzozero  describes  these  cells  as  round,  oval,  or  polygonal  bodies, 
varying  in  size  from  20  /i  to  50  /i.  They  may  contain  one,  two,  or 
three  oval  nuclei,  which  are  rather  small  and  provided  with  nucleoli. 
The  latter  are  usually  hidden  beneath  numerous  granules.  Some  of 
these  granules  are  albuminous,  but  most  of  them  are  either  pigment 
granules,  fatty  granules,  or  myelin  granules.  The  myelin  yranules 
were  first  discovered  by  A^irchow  in  1854,  and  termed  myelin  gran- 
ules on  account  of  their  resemblance  to  mashed  nerve-matter.  They 
are  distinguished  from  the  other  forms  by  their  clear,  pale,  colorless 
appearance  and  the  fact  that,  at  times,  fine  concentric  striations  can  be 
detected.  These  forms  may  be  round,  but  more  often  they  are  irregu- 
lar. At  times  fatty,  myelin,  and  pigment  granules  may  be  seen  in 
one  and  the  same  cell.  Possibly  they  are  derived  from  the  pulmo- 
nary alveoli,  but  this  is  still  an  open   question.     Chemically,   the 


2C0  THE  SPUTUM. 

myelin  droplets  have  been  shown  to  contain  a  considerable  amount 
of  protagon,  besides  traces  of  lecithin  and  choleaterin. 

Liver  cells  mayat  times  be  observed  in  the  sputa  incasesof  livor- 
abscess,  and  are  easily  recognized  by  their  characteristic  form. 

Elastic  Tiflsae. — Much  more  important  from  a  clinical  stand- 
point are  the  elastic  fibres  and  shreds  of  elastic  tissne  which  may 
be  found  in  sputa.  They  vary  very  much  in  length  and  breadth  and 
are  provided  with  a  double,  undulating  contour;  they  are  usually 
curled  up  at  their  ends.  Very  often  they  exhibit  an  alveolar  arrange- 
ment (Fig.  71),  which  at  once  determines  their  origin. 


Whenever  present,  elastic  tissue  is  an  absolute  indication  that  a 
destnictive  process  is  going  on  in  the  lungs.  It  is  found  in  cases  of 
abs<«ss  of  the  lungs,  bronchiectasis,  occasionally  in  pneumonia,  and, 
most  imiwrtant  of  all,  in  phthisis.  In  gangrene  of  the  lung,  elastic 
tissue  is  usually  not  found  ;  this  is  probably  owing  to  its  destruction 
by  a  ferment,  as  suggested  by  Traube. 

In  every  case  it  is  necessary  todetermine  whether  the  elastic  tissue 
may  not  he  owing  to  the  presence  of  animal  food  in  the  sputum,  and 
it  may,  hence,  he  stated  as  a  safe  rule  that  it  can  only  he  regarded 
as  absolutely  characteristic  when  showing  the  alvi'olar  arrangement. 

In  order  to  demonstrate  the  pri'scnce  of  elastic  tissue  in  the  sputum 
it  is  necessary  to  examine  large  quantities  with  a  moderately  low 
|K)wer,  and  best,  after  the  addition  of  a  strong  solution  of  sodium 
hydrate.  The  sputum  may  also  be  boiled  with  a  10-j>er-ccnt.  solu- 
tion of  the  reagent,  an  equal  volume  Iwiug  added  ;  after  dilution  with 
four  times  its  own  volume  of  water  it  is  allowed  to  settle  for  twenty- 
four  hours.  The  centrifugal  machine  will  here  l>e  found  of  great 
assistance. 
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The  following  method^  in  use  at  the  Johns  Hopkins  Hospital,  is 
most  convenient :  "  A  small  amount  of  the  thick,  purulent  portion 
of  the  sputum  is  pressed  out  into  a  thin  layer  between  two  pieces  of 
plain  window-glass,  15  by  15  cm.  and  10  by  10  cm.  The  particles 
of  elastic  tissue  appear  on  a  black  background  as  grayish-yellow 
spots,  and  can  be  examined  in  situ  under  a-  low  powder.  Or,  the 
upper  piece  of  glass  is  slid  off  till  the  piece  of  tissue  is  uncovered, 
when  it  is  picked  out  and  examined  on  a  slide,  first  with  a  low  and 
then  with  a  higher  power.  At  first  there  will  be  some  difficulty  in 
distinguishing  with  the  naked  eye  between  elastic  fibres  and  parti- 
cles of  bread,  or  milk  globules,  or  collections  of  epithelium  and 
debris,  but  with  practice  such  mistakes  are  rarely  made,  and  the  mi- 
croscope always  reveals  the  difference."    (Musser.) 

Animal  Parasites. 

Portions  of  echinococcus  cysts,  viz,  pieces  of  membrane  (Fig.  70) 
and  booklets  (Fig.  72),  are  occasionally  seen,  when  the  parasite  has 
lodged  in  the  lungs  or  in  the  neighboring  organs.  The  disease, 
however,  is  exceedingly  rare  in  this  country. 

Fig.  72. 
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Hooks  from  ta>uia  ecliinococ€UJ«.     x  350. 

The  adult  parasite  (Fig.  73),  hvnia  echinococcus  (v.  Sicbold),  is 
found  in  the  intestinal  canal  of  dogs.  It  measures  from  3  to  5  mm. 
in  length.  If  the  eggs  of  the  parasite  are  introduced  into  the  diges- 
tive tract  of  man,  tlie  embryos  may  make  their  way  into  the  lungs, 
liver,  or  other  organs,  and  there  give  rise  to  the  formation  of  cysts, 
which  are  often  of  enormous  size. 

Trichomonades  have  at  times  been  observed  in  cases  of  gangrene 
of  the  lung,  and  in  the  pus  removed  post-mortem  from  lung-cavities. 
They  are  identical  with  the  trichomonas  vaginalis  of  Donn^.  Most 
important  is  the  presence  of  the  amoeba  coli,  as  the  diagnosis  of  he- 
patic abscess  with  perforation  into  the  lung  may  be  made  in  every  in- 
stance in  which  this  organism  is  encountered  in  the  sputa  (see  Feces). 
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A  certain  form  of  pulmonary  disease,  closely  simulating  phthisis, 
is  very  common  in  Japan,  and  has  been  shown  to  be  referable  to  the 
presence  of  a  distinct  parasite  in  the  lungs,  the  didoma  pulmottaie, 
Balz  :  nyn.,  disloma  Westermanni  (Kerbert),  distoma  Ringeri  (Cob- 
bold).     The  worm  and  its  ova  are  found   in   the  sputum.     "  The 
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parasite  is  8  to  10  mm.  long,  5  to  6  mm.  wide,  of  a  club  shape, 
rounded  off  very  marke<lly  in  front,  less  rounded  posteriorly.  The 
color  during  life  is  almost  like  that  of  earth- worms.  The  two  suck- 
ing disks  arc  almost  etjual  in  size.  The  ova  are  brown,  with  a  thin 
shell,  hdded,  0.1  mm,  long  and  O.O.")  mm.  wide."     (HHl)er.) 

In  tliis  ciiiintry  the  parasite  has  been  found  in  the  oat  and  in  the 
d(^;  in  the  human  being  one  case  at  lca.st,  ocourring  in  a  JajMinese 
student,  has  already  been  reiwrted.  It  is  interesting  to  note  that 
many  Charcot-Leydcu  crystals  arc  at  the  same  time  found  in  tiie 
sputnm. 

Vegetable  Parasites. 

PfttfaogeniG  Organisms. — TiiK  Ti'bkrci.k  BAt^ii.u'w. — The  most 
important  vegetable  [wirasite  met  with  in  the  sputa  Is  the  irrivV/iw  of 
tubefCHlfmis.  The  history  of  the  discovery  of  this  organism,  and  the 
theories  which  were  held  before  its  pathogenic  importance  was 
established,  cannot  be  considered  here.  Suffiw;  it  to  state  that  the 
study  of  bacteriology  has  given  no  other  discovery  of  equal  impor- 
tance from  a  clinical  point  of  view.  How  primitive  and  wholly 
inade()Uate  were  the  means  formerly  employed  in  making  the  diagnosis 
of  this,  the  most  formidable  disease  of  modem  times  !  The  presence 
or  absence  of  elastic  tiasne  in  the  spnta  -was  i)ractically  all  tliat  ]>liy- 
sicians  formerly  had  to  guide  them  beyond  the  liistory  of  tlie  patient 
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and  the  results  of  a  physical  examination.  The  demonstration  of 
elastic  tissue,  however,  as  has  been  pointed  out,  merely  indicates  the 
existence  of  a  destructive  process  in  the  lungs.  Under  such  condi- 
tions it  was  of  necessity  impossible  to  diagnose  tubercular  disease  in 
its  incipiency.  It  is  true  that  cases  are  occasionally  observed  in 
which  tubercle  bacilli  are  never  present  in  the  sputa,  and  are  only 
discovered  post  mortem.  Such  cases,  however,  are  extremely  rare, 
and  do  not  in  the  least  detract  from  the  importance  which  attaches 
to  careful  and  repeated  examinations  of  the  sputa  in  all  doubtful 
cases. 

From  a  macroscopic  examination  it  is  impossible  to  decide  whether 
or  not  a  particular  sputum  is  of  tubercular  origin.  At  times  a  cer- 
tain sputum  may  have  a  suspicious  appearance,  but  it  is  never 
possible  to  speak  with  certainty  from  simple  inspection,  as  a  mucoid 
sputum  may  contain  tubercle  bacilli  in  large  numbers,  while  a  muco- 
purulent sputum  may  be  entirely  free  from  them.  Reliance  should, 
hence,  only  be  placed  upon  a  careful  microscopic  examination.  When 
found  their  presence  is,  of  course,  pathognomonic.  A  negative  result, 
however,  does  not  exclude  the  existence  of  tubercular  disease.  The 
possibility  that  they  may  be  altogether  absent  from  the  sputum  has 
been  mentioned.  In  some  instances  they  may  be  present  at  times 
and  absent  at  others.  In  all  cases  in  which  the  existence  of  phthisis 
is  suspected  it  is  imperative  to  make  use  of  every  device  which  may 
aid  in  its  detection.  In  this  connection,  I  wish  to  strongly  insist 
upon  the  method  of  "growing  the  bacilli,"  as  it  were,  in  the  warm 
chamber  for  from  twenty-four  to  forty-eight  hours,  and  then  re- 
examining the  sputa  in  doubtful  cases,  as  Nuttal  demonstrated  beyond 
a  doubt,  that  the  tubercle  bacilhis  will  multiply  in  the  sputum  itself 
at  a  certain  temperature.  The  value  of  tliis  observation  is  obvious, 
and  I  have  repeatedly  been  able  to  demonstrate  their  presence  in  this 
manner  wlien  it  was  impossible  to  detect  them  in  the  fresh  sputum. 

The  centrifugal  machine  in  such  cases  is  also  useful  and  yields 
valuable  results,  the  probabilities  of  finding  the  bacilli,  when  present 
in  small  number,  being  very  much  increased. 

If  but  few  bacilli  are  present,  the  following  procedure  may  also 
Ix?  employed  :  About  100  c.c.  of  sputum  are  boiled  with  double  the 
amount  of  water,  to  which  from  six  to  eiglit  drops  of  a  10-per-cent. 
solution  of  sodium  hydrate  have  been  added,  until  a  homogeneous 
solution  has  been  obtained,  water  being  added  from  time  to  time  to 
allow  for  evaj)onition.  This  is  then  centrifugated  or  set  aside  for 
twenty-four  to  forty-eiglit  hours  and  examined  for  tubercle  bacilli 
and  elastic  tissue. 

In  the  examination  of  tubercular  sputa  the  fine,  caseous  particles 
described  on  page  2o3  should  be  carefully  sought  for,  as  they  con- 
tain the  largest  number  of  bacilli.      In  their  absence  reliance  should 
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be  placed  upon  the  examination  of  a  large  number  of  preparations. 

If,  notwithstanding  the  fact  that  all  due  precautions  have  been 
taken,  no  bacilli  can  be  demonstrated  in  the  sputum,  and  the  clinical 
history  and  the  physical  signs  are  indefinite  or  negative,  the  prob- 
abilities are  that  we  are  dealing  with  a  benign  process^  From  an 
examination  of  the  sputa  alone,  in  such  cases,  it  is  utterly  impossible 
to  reach  a  definite  conclusion.  When  the  amount  of  sputum,  more- 
over, is  small  and  contains  but  little  pus,  the  absence  of  tubercle 
bacilli,  in  doubtful  cases,  is  less  suggestive  of  the  absence  of  tuber- 
cular disease  than  in  cases  in  which  the  sputum  is  more  abundant  and 
muco-purulent. 

It  hias  been  pointed  out  that  the  discovery  of  the  etiologic  relation 
existing  between  the  bacillus  of  tuberculosis  and  tubercular  disease, — 
notably  phthisis, — must  be  regarded  as  one  of  the  most  important  for 
the  clinician,  if  not  the  most  important  in  itself,  made  by  bacteri- 
ologists. This  is  certainly  true,  but  the  discovery  of  certain  char- 
acteristics of  the  tubercle  bacillus  which  are  of  direct  practical  utility 
in  its  recognition  and  differentiation  from  other  organisms  is  equally 
important.  Reference  is  had  to  the  behavior  of  the  micro-organism 
toward  certain  staining  reagents  and  the  difference,  in  this  respect, 
which  exists  between  it  and  other  bacteria,  and  which  renders  its 
recognition  an  easy  matter. 

Only  two  bacilli  are  likely  to  be  mistaken  for  the  tubercle  ba- 
cillus, viz,  the  bacillus  of  leprosy  and  the  smegma  bacillus.  All 
three  are  characterized  by  the  difficulty  with  which  they  take  up 
basic  dyes,  and  the  great  tenacity  with  which  these  are  retained, 
when  once  stained,  upon  treatment  with  mineral  acids. 

That  confusion  should  arise  in  the  differentiation  between  the 
tubercle  bacillus  and  the  bacillus  of  leprosy,  is,  however,  very  un- 
likely. More  important  is  the  smegma  bacillus,  which  is  now  known 
to  occur,  at  times,  upon  the  tonsils,  the  tongue,  and  in  the  tartar  of 
the  teeth  of  perfectly  healthy  individuals.  In  the  sputum,  coming 
from  the  lungs,  it  has  been  observed  by  Friinkel  and  Pappenheim, 
and  to  the  latter  we  are  indebted  for  a  method  by  which  we  are  en- 
abled to  accurately  differentiate.such  eases  from  tuberculosis.  This 
is  essentially  based  ujx)n  the  greater  ease  and  rapidity  with  which  the 
smegma  bacillus  is  decolorized  by  means  of  fluorescein-alcohol,  as 
compared  with  the  tubercle  bacillus.  As  the  other  methods  which 
have  hitherto  been  in  use  in  the  clinical  lal)oratory,  do  not  permit 
of  the  differentiation  between  the  two  organisms,  I  have  given  Pap- 
penheim's  method  the  first  place,  but  have  retained  the  others  also. 
They  may  be  employed  as  heretofore,  unless  special  reasons  exist  for 
eliminating  the  smegma  bacillus,  the  occurrenc»e  of  which  in  the 
sputum  must  after  all  be  regarded  as  a  medical  curiosity.  In  the 
examination  of  urinary  deposits,  however,  where  the  smegma  bacil- 
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lus  is  far  more  commonly  seen,  these  older  methods  are  not  appli- 
cable (see  Urine). 

Methods  of  Staining  the  Tubercle  Bacillus. — 1.  Pappenheim's 
Method. — A  drop  of  the  sputum,  or,  if  the  cheesy  particles  described 
above,  are  present,  one  of  these  is  spread  in  a  thin  layer  between  two 
cover-glasses.  These  are  then  drawn  apart,  dried  in  the  air,  and 
fixed  by  being  passed  three  times  through  the  flame  of  a  Bunsen 
burner  or  an  ak^ohol  lamp.  Larger  quantities  of  the  sputum  may 
also  be  employed,  and  are  spread  upon  slides  and  examined  in  the 
.same  manner,  a  drop  of  the  immersion  oil  being  placed  directly  upon 
the  dried  and  stained  sputum.  The  specimens  are  then  covered  with 
a  few  drops  of  carbol-fuchsin  solution  and  heated  to  the  boiling  point. 
The  solution  is  composed  of  one  part  of  fuchsin,  100  parts  of  a  five- 
per-cent.  solution  of  carbolic  acid  and  10  parts  of  absolute  alcohol. 
The  excess  of  the  staining  fluid  is  drained  off,  when  the  preparations 
are  immersed  from  3  to  5  times  in  Pappenheim's  solution,  care  being 
taken  to  let  the  fluid  drain  off  slowly  after  each  immersion.  The 
reagent  consists  of  one  part  of  corallin  (rosolic  acid)  in  100  parts 
of  absolute  alcohol,  to  which  methvlene  blue  is  added  to  saturation. 

/  ml 

This  mixture  is  further  treated  with  20  parts  of  glycerin  and  is  then 
ready  for  use.  The  specimens  are  finally  washed  in  water,  dried 
between  filter-paper  and  mounted  in  balsam,  or  oil  of  cedar.  A  A 
oil  immersion  lens  is  very  convenient,  but  not  a  necessity,  as  the 
organisms  are  quite  readily  seen  with  lower  jMJwers,  such  as  2ieis8' 
DD,  Leitz*  7,  or  Bausch  and  Lomb's  ^  or  J,  with  a  correspondingly 
high  eyepiece. 

2.  Gabett^s  AIethod. — The  dried  preparations  are  floated  for 
two  minutes  upon  the  carbolic-fuchsin  solution  describc<l  above,  and 
are  immediately  transferre<l,  without  washing,  to  a  solution  com- 
posed of  two  parts' of  niethylene  blue  in  100  parts  of  a  25-per-cent. 
solution  of  sulphuric  acid,  where  they  remain  one  minute.  They  are 
then  washed  in  water  and  mounted. 

This  method  of  staining  is  very  convenient  and  the  one  most  gen- 
erally employed.     The  smegma  bacillus,  however,  is  also  stained. 

3.  The  Weigeht-Ehhlicii  Method. — Dried  specimens  are 
prepared,  and  stained  for  twenty-four  hours  with  a  solution  of  fuch- 
sin in  anilin-water,  by  floating  upon  the  surface.  The  staining 
fluid  is  pre})ared  as  follows  : 

A  small  test-tube  full  of  water  is  shaken  with  about  twenty  drops  of 
pure  anilin  oil  (1  :  20 ),  and  after  standing  for  a  few  minutes,  filtered 
through  a  moistened  filter.  To  this  solution  a  few  drops  of  a  con- 
centrated alcoholic  solution  of  fuchsin  or  of  methyl-violet  are  added, 
until  the  mixture  becomes  slightly  cloudy — /.  e.,  until  a  metallic 
lustre  is  noted  on  the  surface.  After  twenty-four  hours  the  prepa- 
rations are   washed  with  water  in  order  to  remove  an  excess  of  the 
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staining  fluid.  They  are  then  immersed  for  several  seconds  in  a 
dilute  solution  of  nitric  or  hydrochloric  acid  (1  : 6,  1  : 3,  or  1  : 2), 
and  washed  again  with  water  or  with  absolute  alcohol.  At  this  time 
the  specimens  should  have  a  faintly  red  or  violet  color.  They  are 
then  dried  between  layers  of  filter-paper  or  in  the  air,  and  mounted 
as  usual. 

If  il  is  desired  to  use  a  counter-stain,  Bismarck-brown,  vesuvin, 
or  methylene  blue  in  watery  solutions  may  be  used  for  the  purpose. 
Into  this  solution  the  specimen  is  placed  after  treatment  with  nitric 
acid  and  washing  in  water.  It  remains  for  about  two  minutes,  and 
is  then  washed,  dried  and  mounted,  as  above. 

4.  ZiEHL-XEEii^EN's  Method. — A  mixture  of  90  parts  of  a  o- 
per-cent.  solution  of  carbolic  acid  and  10  parts  of  a  concentrated 
alcoholic  solution  of  fuchsin  is  used.  The  procedure  is  the  same 
as  that  described  under  the  Weigert-Ehrlich  method.  With  both 
methods,  however,  it  is  unnecessary  to  stain  the  preparation  for 
twenty-four  hours,  unless  special  accuracy  is  required,  and,  as  a  rule, 
it  is  sufficient  to  place  a  few  drops  of  the  staining  fluid  upon  the 
cover-glass  and  to  boil  this  for  a  few  seconds  over  the  free  flame, 
when  the  specimen  is  further  treated  as  described.  In  this  manner 
excellent  results  may  be  obtained  in  a  few  minutes. 

Stained  according  to  one  of  these  methods,  the  bacilli  appear  as 
rods  measuring  al>out  3  /i  to  4  //  in  length  by  0.3  //  to  0.5  ft  in 
breadth  (Plate  XIII.,  Fig.  1).  Usually  they  are  not  swollen  at 
their  extremities,  but  simply  rounded  ofl:  They  occur  as  homogeneous 
rods  or  may  present  within  their  stained  bodies  small  round  or  ovoid 
granules,  placed  end  to  end,  which  do  not  stain.  They  may  also 
have  a  straight  or  a  curved  form,  or  the  bacillus  may  appear  to  be 
doubled  upon  itself  in  the  form  of  the  letter  S.  The  small,  hyaline 
bodies  in  the  bacilli  have  been  regarded  as  spores. 

The  number  of  Ixicilli  which  may  be  found  in  a  sputum  varies 
greatly,  and  while  in  general  it  may  be  said  that  it  is  in  direct  ratio 
to  the  intensitv  of  the  discjise,  and  may  thus  Ik'  considered  as  of 
some  prognostic  value,  too  much  reliance  should  not  be  placed  upon 
this  statement,  as  in  acute  miliary  tuberculosis,  and  in  cases  that 
have  gone  on  to  the  formation  of  cavities,  the  number  may  l)e  very 
small  or  they  may  be  altogether  absent.  In  an  incipient  case,  on  the 
other  hand,  in  a  little  mucoid  sputum,  the  number  may  be  very  large. 

Of  the  variations  in  number  and  form  of  the  tubercle  bacilli  dur- 
ing the  treatment  with  Koch's  tuberculin  it  is  unnecessary  to  speak 
at  this  place,  as  the  prognostic  significance  attaching  to  such  varia- 
tions is  as  yet  but  imperfectly  understood. 

The  Diplocxx:cus  Pnet'MOXI.k. — In  doubtful  cases  the  sputum 
may  be  examincKl  for  the  diplococcus  pneumonite,  and  it  may  he  ac- 
cepted at  the  present  time  that  its  presence  in  a  given  case,  provid- 
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Tuberculous  Sputum  Stained  hy  Gabbett's  Method.     The  Tubercle  Bacilli 
are  seen  as  Red  Rods,  all  else  is  Stained  Blue.    (Abbott.) 


FIG.   2. 
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The  Diploooccus  Pneumoniae,  Stained  with  Methylene  Blue  and   Fuchsin 
as  a  Counterstain.     Taken  fron^  the  Sputum  of  a  Case  of 

Acute  Croupous  Pneumonia. 

FIG.    3. 


He;irl- Disease  Cells,  .sliowinvj  Alveolar  Epithelial  Cell.s,  Loaded   Down 

with  Granules  of  Hosmatin. 
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iiig  that  the  cHuical  historj-  and  the  physical  signs  point  to  a  pneu- 
monia, renders  the  diagnosis  of  acute  croupous  pneumonia  ven- 
probable. 

Method:  Cover-glass  specimens,  prepared  as  indicated  above,  are 
placed  for  one  or  two  minutes  in  a  1-per-cent.  solutton  of  acetic  acid  ; 
they  are  then  removed,  the  excess  of  acetic  acid  drawn  off  by  means 
of  a  pipette,  when  they  are  allowed  to  dry  in  the  air  and  subsequently 
placed  for  several  seconds  in  saturated  anilin-water  and  gentian- 
violet  sohitiun,  washed  in  water  and  examined.  Rod-shaped  diplo- 
cocci  (Plate  XIII.,  Fig.  2),  surrounded  by  a  capsule,  which  latter  is 
considered  as  the  characteristic  feature  of  this  organism,  will  be  seen 
in  cases  of  acute  croupous  pneumonia. 

The  lutcil/iM  of  influenza  has  already  been  considered  in  Chapter 
I.  (p.  108).  In  the  sputum  it  is  frequently  associated  with  pyogenic 
cocci  and  pneumococci. 

Fio.  74. 


In  ir/iiioiiiiie/-couffli  protozoa  have  been  observed  by  Dcichler  and 
KurlofF;  their  observations  have  not  as  yet  been  confirmed,  however, 
and  other  observers  attribute  the  disease  to  the  j)resence  of  bacteria. 
Among  these  may  be  mentioni'd  Affanasiew,  Hitter,  Czaplewski, 
Hensel,  Koplik,  and  others.  All  these  investigators  claim  to  have 
isolated  a  micro-organism  from  the  sputum  of  whooping-cough,  which 
they  rcpanlaw  the  cause  of  the  disease.  Whether  or  not  Affanasiew's 
bacillus  is  identical  witli.  Hitter's  diplococcus  and  with  the  pol-bacillus 
of  Czaplewski,  Hensel,  and  Koplik  is,  however,  not  clear.  Koplik' s 
orf/aiiitm  is  extremely  minute,  measuring  from  0.8—1.7  ft  in  fength,  by 
n..3-i),4  /( in  breadth.  When  stained  with  Loffler's  blue  it  has  a  finely 
punctate  ap|>earance,  like  the  diphtheritic  bacillus.  In  pure  culture 
it  is  not  decolorized  by  Gram's  method.  It  is  anaerobic  as  well  as 
aenihto,  and  a|i{)arently  not  motile.     To  isolate  it  from  the  sputum 
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it  is  best  to  obtain  some  of  the  grayish-white  pellets,  which  are  ex- 
pectorated during  the  convulsive  stage.  In  these,  small  particles 
will  be  seen,  resembling  scales  of  dandruff.  Such  particles  are 
isolated  and  planted  first  on  hydrocele  fluid,  in  order  to  obtain  the 
crude  culture.  Later  it  may  be  grown  in  bouillon,  on  agar,  gelatin, 
etc.  On  Loffler's  serum  a  whitish  growth  is  obtained,  which  closely 
simulates  that  of  the  diphtheria  bacillus. 

Actinomycosis  of  the  lungs  may  at  times  be  diagnosed  from  the 
presence  of  the  characteristic  granules  and  thread-like  formations  in 
the  sputum.     In  America  the  disease  is  very  rare. 

The  organism  in  question  (Fig.  74)  probably  belongs  to  the  species 
cladothrix,  occupying  a  unique  position  among  the  pathogenic  bac- 
teria. Infection  in  man  and  animals  (cattle  and  pigs)  possibly  occurs 
through  ears  of  barley  or  rye,  a  supposition,  with  which  the  observa- 
tion that  the  disease  frequently  begins  in  the  autumnal  months 
accords. 

In  the  pus  derived  from  ulcerating  actinomycotic  tumors,  in  the 
spntum  in  cases  of  pulmonary  actinomycosis,  as  also  in  the  feces, 
when  the  disease  has  attacked  the  intestines,  small  yellow  granules 
will  be  observed,  measuring  from  0.5  to  2  mm.  in  diameter.  If 
such  a  granule  is  examined  microscopically,  slight  pressure  being 
applied  to  the  cover-glass,  it  will  l)e  seen  to  consist  of  numerous 
threads,  which  radiate  out  from  a  centre  in  a  fan-like  manner,  and 
present  club-shaped  extremities. 

The  organism  may  be  demonstrated  in  the  following  manner : 
Dried  cover-glass  preparaticms  are  stained  for  five  to  ten  minutes 
with  a  saturated  anilin-water  and  gentian-violet  mixture  (see  p. 
129),  when  they  are  rinsed  in  normal  salt-solution,  dried  between 
filter-paper,  and  transferred  for  two  or  three  minutes  to  a  solution  of 
iodo-potassic  iodide  (1  or  2  :  100).  They  are  then  again  dried  be- 
tween layers  of  filter  paper,  decolorized  in  xylol-anilin  oil  (1  : 2), 
washed  in  xylol,  and  mounted  in  balsam.  The  mycelium  assumes  a 
dark-blue  wlor. 

Non-pathogenic  Organisms. — Of  the  non-pathogenic  micro-organ- 
isms which  may  be  observed  in  sputa  but  little  is  known. 

Oidium  albicwis  may  be  seen  in  children,  and  is  usually  derived 
from  the  mouth. 

Of  other  fungi  which  arc  occxisionallv  observed  there  mav  be 
mentioned  the  aspergillus  fumigatus  and  mucor  corymbifer.  Sac- 
charomyces  has  been  seen  in  the  pus  derived  from  pulmonary  ab- 
scesses. Sarcimi  ijujmonalis  has  been  found  at  times,  and  especially 
in  the  so-called  mycotic  bronchial  props  occurring  in  putrid  bn)n- 
chitis.  They  are  usually  smaller  than  the  sarcina?  ventriculi,  but 
larger  than  the  sarcinse  observed  in  the  urine ;  they  present  the 
characteristic  form  of  the  latter.     Various  other  bacilli  and  micro- 
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cocci,  in  addition  to  those  mentioned,  are  also  found  in  the  sputa  in 
large  numbers,  but  have  not  as  yet  been  closely  studied,  excepting 
the  pus-organisms,  which  may  be  almost  always  demonstrated. 

Crystals. — Of  crystals  which  may  occur  in  sputa,  it  will  be  neces- 
sary to  briefly  consider  the  crystals  of  Charcot-Leyden,  hsematoidin, 
cholesterin,  margarin,  tyrosin,  oxalate  of  calcium,  and  triple  phos- 
phates. 

Charcot- Tjcyden  crystals  (Fig.  68)  were  discovered  in  the  sputa 
of  patients  suffering  from  asthma,  and  were  supposed  to  stand  in  a 
causative  relation  to  the  disease.  While  the  crystals  are  usually 
present  in  this  disease,  they  are  also  exceptionally  met  with  in  acute 
and  chronic  bronchitis,  phthisis  pulmonalis,  etc. 

Chemically,  they  appear  to  be  phosphate  of  sjx^rmin,  which  has 
the  composition  C^H^N,  and  has  been  shown  to  be  identical  with 
ethylenimin.  The  phosphate  crystallizes  in  the  form  of  colorless, 
elongated  octahedra,  which  vary  very  much  in  size,  sj^ecimens  being 
at  times  met  with  measuring  from  40  //  to  60  //  in  length.  It  is 
soluble  with  difficulty  in  cold  water,  insoluble  in  alcohol,  ether, 
chloroform,  and  dilute  saline  solution  and  slowly  soluble  in  acids  and 
alkalies  and  even  in  ammonia.  Its  chemical  composition  and  the 
fact  that  the  same  crystals  are  found  in  decomposing  viscera,  at 
times  forming  a  complete  covering  of  old  anatomical  preparations, 
render  the  supposition  very  probable  that  the  substance  in  question 
is  closely  related  to  the  ptomains ;  the  occurrence  of  the  crystals 
may,  indeed,  l)e  regardtnl  as  indicating  a  retrogressive  metamorpho- 
sis of  the  cellular  elements  of  a  part.  They  are  found  not  only  in 
the  sputa,  in  the  diseases  mentioned,  but  also  in  leuksemic  blood,  in 
the  mucus  which  has  accumulated  in  a  dilated  biliary  duct,  and  in 
normal  and  leukiemic  bone-marrow.  As  has  been  stated,  the  crys- 
tals are  also  (juite  constantly  met  with  in  the  feces  in  anchylostomia- 
sis,  anguilluliasis,  and  other  helminthiases  (see  p.  196).  Bizzozero 
found  them  in  his  own  sputum,  at  times,  when  suffering  from  a  simple 
acute  l)ronchitis. 

ILvinatoidin  crystais  may  Ix?  observed  in  the  S])uta  following  ex- 
travasiitions  of  blood  into  the  lung.  They  frequently  occur  in  the 
form  of  ruby-red  columns  or  needles  (Plate  I.,  Fig.  2)  ;  amorphous 
granules,  however,  are  also  seen,  enclosed  in  the  bodies  of  leucocytes, 
in  whicli  case  they  are  probably  always  indicative  of  a  previous 
hemorrhage,  while  tlir  ntHxlles  are  generally  observed  when  an  ab- 
scess or  empyema  has  perforated  into  the  lungs.  Chemically,  hsema- 
toidin  is  derived  from  blood  pigment,  and  ap})ears  to  be  closely  re- 
lated to  bilirubin  (see  }).  42). 

Cholesterin  crystals  are  at  times  seen  in  the  sputa,  in  cases  of  phthi- 
sis, pulmonary  abscess,  and  in  general,  whenever  old  accumulations 
of  pus  have  entered  the  lung  from  a  neighboring  organ.     They  are 
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readily  recognized  by  their  characteristic  form  and  chemical  proper- 
ties (see  Feces,  p.  214). 

Fatty-acid  crystals  are  frequently  observed  in  cases  of  putrid  bron- 
chitis and  gangrene  of  the  lung,  and  also  in  cases  of  bronchiectasis 
and  phthisis.  They  occur  in  the  form  of  single  needles  or  groups 
of  needles,  which  are  long  and  pointed.  They  are  easily  soluble  in 
ether  and  hot  alcohol ;  insoluble  in  water  and  acids.  Chemically, 
they  are  probably  composed  of  the  higher  fatty  acids,  such  as  pal- 
mitic and  stearic  acid. 

Tyrosin  crystals  have  been  observed  in  cases  of  putrid  bronchitis, 
perforating  empyema,  etc.  Leuchi  is  likewise  probably  always  pres- 
ent, occurring  in  the  form  of  highly  refractive  globules.  For  the 
recognition  of  these  bodies,  particularly  of  tyrosin,  a  chemical  exam- 
ination should  always  be  made,  as  crystals  of  the  soaps  of  fatty  acids 
have  frequently  been  mistaken  for  those  of  tyrosin  (see  Urine). 

Oxalate  of  calcium  crystals  are  rarely  seen.  Furbringer  observed 
them  in  large  numbers  in  a  case  of  diabetes,  and  Unger  found  them 
in  a  case  of  asthma.  They  are  readily  recognized  by  their  envelope- 
form,  but  they  also  occur  in  amorphous  masses.  They  are  soluble 
in  mineral  acids,  insoluble  in  water,  alkalies,  organic  acids,  alcohol, 
and  ether. 

Triple  phosphate  crystals  are  also,  though  very  rarely,  seen,  as  in 
cases  of  perforating  abscesses,  etc.  They  are  recognized  by  their 
coffin-lid  shape  and  the  readiness  with  which  they  dissolve  in  acetic 
acid. 

Ohemistry  of  the  Sputum. 

In  addition  to  the  substances  described,  sputum  contains  certain 
albumins,  volatile  fatty  acids,  glycogen,  ferments,  and  various  inor- 
ganic salts. 

Among  the  albumins  which  have  been  observed  in  sputa  may  be 
mentioned  serum-albumin,  and  especially  mucin,  which  is  often  pres- 
ent in  large  amounts.  In  pneumonic  and  purulent  sputa  peptone 
also  has  been  found. 

In  order  to  demonstrate  the  presence  of  scrum-allnirain  the  sputa 
are  treated  with  dilute  acetic  acid,  when  the  filtrate  is  tested  with 
potassium  ferrocyanide,  as  described  in  the  chapter  on  Urine. 
Senim-albumin  is,  of  course,  found  in  notable  quantities  in  cases  of 
cedema  of  the  lungs. 

The  volatile  fatty  acids  contained  in  sputa  may  be  obtained  by 
diluting  with  water,  acidifying  with  phosphoric  acid,  and  distilling, 
when  the  distillate  is  further  examined  as  descril)ed  in  the  cha})ter 
on  Feces.  Acetic,  butyric,  propionic,  and  capronic  acid  have  been 
found. 

The  fats  and  fixed  fattv  acids  are  extracted  from  the  residue  with 
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ether,  and  shaken  with  a  solution  of  sodium  carbonate  in  order  to 
transform  them  into  their  sodium  salts,  when  the  ether  is  decanted 
and  evaporated,  leaving  the  fats  behind. 

Glycogen  has  been  repeatedly  demonstrated  in  sputa  and  may  be 
detected  by  Ehrlich's  method  (see  page  48). 

The  sputa  of  gangrene  of  the  lung  and  putrid  bronchitis  have  been 
shown  to  contain  a  ferment  resembling  trypsin.  In  order  to  test  for 
this  ferment  the  sputa  are  extracted  with  glycerine ;  the  examination 
is  then  continued  as  described  in  the  chapter  on  the  Examination  of 
C-ystic  Contents. 

The  myelin  granules,  as  I  have  already  indicated,  largely  consist  of 
protagon,  lecithin,  and  cholesterin. 

The  following  are  the  inorganic  salts  which  may  be  demonstrated 
in  the  sputum  :  The  chlorides  of  sodium  and  magnesium,  phosphates 
of  the  alkalies  and  the  alkaline  earths,  viz,  calcium  and  magnesium, 
the  sul})hates  of  calcium  and  sodium,  carbonates,  phosphate  of  iron, 
and  silicates. 

The  Sputa  in  Various  Diseases. 

Acute  Bronchitis. — In  the  beginning  of  the  disease  the  expectora- 
tion is  small  in  amount,  transparent,  and  contains  very  few  cellular 
<*lements,  constituting  the  so-called  sputum  crudum  of  the  ancients. 
Microscopically  there  is  evidence  of  the  existence  of  a  desquamative 
process  extending  toward  the  pulmonary  alveoli  to  a  greater  or  less 
extent,  and  especially  implicating  the  bronchi  and  trachea.  Epithelial 
cells  of  various  forms  are  found,  and  are  probably  derived  from  cells 
which  were  originally  ciliated.  Ciliated  cells  may  occasionally  be  ob- 
served in  perfectly  fresh  specimens,  but  are  usually  absent.  Leucocytes 
in  small  numbers  and  alveolar  cells  are  also  seen.  The  presence  of  a 
few  red  blood-corpuscles  is  a  common  occurrence,  and  probably  due 
to  rupture  of  a  capillary  blood-vessel.  Later  on  the  sputa  become 
more  abundant,  opaque,  and  assume  a  yellow  color  tending  to  green, 
owing  to  an  increase  in  the  number  of  leucocytes,  while  the  other 
cellular  elements  diminish  in  number. 

Ohronic  Bronchitis. — ^The  amount  and  consistence  of  the  sputum 
in  this  condition  varies  greatly ;  it  is  most  abundant  in  cases  of  so- 
called  bronchorrhoea,  in  which  whole  mouthfuls  may  be  expectorate<l 
at  a  time.  The  color  is  usually  a  yellowish-green,  owing  to  the 
presence  of  numerous  pus-corpuscles  in  various  stages  of  degenera- 
tion. Microscopically  enormous  numbers  of  micro-organisms  are 
found,  especially  in  cases  in  which  the  sputa  have  remained  for  some 
length  of  time  in  the  bnmchi.  In  addition,  some  red  corpuscles  and 
epithelial  cells  are  found ;  the  latter,  however,  are  not  so  abundant 
as  in  the  first  stage  of  an  acute  bronchitis.  A  few  alveolar  epithelial 
cells  in  a  state  of  fatty  and  myelin  degeneration  will  also  be  seen. 
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Putrid  Bronchitis  and  Pulmonary  Oangrene. — The  sputa  of 
putrid  bronchitis  and  pulniouary  gangrene  resemble  each  other  so 
closely  that  it  is  only  possible  to  distinguish  between  the  two  by  the 
presence  of  debris  of  pulmonary  parenchyma  in  the  latter  disease. 
In  pulmonary  gangrene  an  exquisite  sedimentation  is  also  quite  com- 
monly obser\'ed  when  the  sputum  is  placed  in  a  conical  glass ;  the 
bottom  layer  is  then  of  a  greenish -yellow  or  brownish  color,  and  con- 
tains a  large  amount  of  pus  and  small  greenish  or  brownish  masses, 
which  vary  in  size  from  that  of  a  millet-seed  to  that  of  a  bean. 
Fragments  of  lung-tissue  are  also  quite  frequently  seen.  Micro- 
scopically more  or  less  degenerated  leucocytes,  crystals  of  ammonio- 
magnesium  phosphate,  and  perhaps  also  of  tyrosin  and  leucin,  as  well 
as  hsematoidin,  are  found.  The  greenish  or  brownish  material  re- 
ferred to  contains  amorphous  masses  of  pigment,  probably  derived 
from  hsemoglobin,  at  times  elastic  tissue,  fatty-acid  crj'stals,  fat 
droplets  and  innumerable  micro-organisms.  Among  these  the 
leptothrix  pulmonalis  is  quite  conspicuous,  and  may  be  recognized  by 
the  violet  or  bluish  color  which  it  assumes  when  treated  with  Lugol's 
solution.  Most  important  in  the  differential  diagnosis  between  pul- 
monary gangrene  and  putrid  bronchitis  is  the  occurrence  of  elastic 
fibres  arranged  in  an  alveolar  manner.  The  middle  layer  is  whitish, 
transparent,  and  contains  flakes  of  mucus  in  suspension.  The  super- 
ficial layer  is  frothy  and  of  a  dirtj'  greenish-yellow  color,  the  entire 
mass  emitting  an  odor  never  to  be  forgotten. 

Fibrinous  Bronchitis  presents  all  the  characteristics  of  an  ordi- 
nary chronic  bronchitis;  the  sputa,  however,  contain  in  addition 
well-defined  fibrinous  cast^,  which  have  been  described  (see  p.  254). 

Bronchial  Asthma. — In  this  affection,  and  especially  at  the  com- 
mencement of  an  attack,  the  expectoration  is  scanty,  frothy,  and 
grayish,  or  at  times  rose-colored,  owing  to  an  admixture  of  blood. 
Most  characteristic  are  plug-like  masses  of  a  greenish  yellow  or 
grayish  color,  containing  spirals  of  Curschmann,  Cbarcot-Leyden 
crystals  and  a  large  number  of  eosinophilic  and  some  basophilic 
leucocytes. 

Pulmonary  Abscess. — The  sputum,  as  long  as  it  is  fresh,  does 
not  emit  a  fetid  odor,  thus  differing  from  that  observed  in  cases  of 
gangrene  of  the  lung.  It  consists  almost  entirely  of  pus ;  elastic 
fibres  are  present  in  abundance,  as  also  brownish  or  yellow  pigment- 
hsematoidin.  Fragments  of  lung-tissue,  enclosed  in  a  mass  of  pus, 
have  at  times  been  observed,  together  with  fatty  acids  and  cholesterin 
crystals. 

Abscess  of  the  Liver  with  Perforation  into  the  Lung. — The 
sputa  are  of  a  reddish-yellow  or  reddish-brown  color,  viscid,  muco- 
purulent, and  are  frequently  discharged  in  large  amounts.  Micro- 
scopically, pus-corpuscles,  red  blood-corpuscles,  pigmented  alveolar 
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cells,  often  undergoing  fatty  degeneration,  as  well  as  elastic  tissue 
and  granular  detritus,  are  found.  The  presence  of  actively  moving 
amoebae  is,  of  course,  most  important  from  a  diagnostic  point  of  view, 
and  absolutely  pathognomonic.  Liver-cells,  pieces  of  echinococcus- 
membranes,  and  booklets  may  be  observed  in  other  cases. 

Pneumonia. — During  the  first  and  third  stage  a  simple  catarrhal 
sputum  is  observed  which  does  not  oflFer  any  special  characteristics. 
During  the  second  stage,  however — /.  6.,  that  of  hepatization — the 
sputum  is  usually  quite  characteristic.  Its  color  is  then  reddish- 
brown — the  classical  ruM-colored  expedoration.  The  sputum  at  the 
same  time  is  generally  so  tenacious  that  the  spit-cup  can  actually  be 
inverted  without  loosing  a  drop  of  its  contents.  Microscopically  the 
following  element*^  may  be  found :  red  corpuscles  (to  the  presence 
of  these  the  reddish  color  is  principally  due) ;  at  times,  however, 
only  a  small  number  is  observed,  when  the  color  is  referable  to 
haemoglobin  which  has  been  dissolved  out  from  the  corpuscles,  and 
in  such  cases  but  few,  if  any,  corpuscles  are  found.  Leucocyte*  are 
always  present  in  considerable  numbers.  Fibrinous  casts  of  the 
finer  bronchioles  may  also  be  seen,  and  may,  in  fact,  be  visible  with 
the  naked  eye.  Alveolar  epithelial  cells,  often  loaded  with  granules 
of  pigment,  fat,  and  myelin,  as  well  as  others,  derived  from  the 
larger  bronchi  and  the  trachea,  are  seen.  Should  abscess  of  the  lung 
or  gangrene  complicate  the  case,  the  elements  described  above  under 
these  headings  will  be  found  in  addition,  the  presence  of  elastic  tis- 
sue being,  of  course,  the  most  important. 

Note  may  be  taken  at  the  same  time  of  the  occurrence  of  pneu- 
mococei,  bearing  in  mind,  however,  that  their  presence  is  not  abso- 
lutely pathognomonic.  In  doubtful  cases,  as  indicated,  their  pres- 
ence may  be  regarded  as  pointing  to  croupous  pneumonia,  providing 
that  the  clinical  history  and  the  physical  signs  are  in  accord. 

Phthisis  Pnlmonalis. — The  appearance  of  the  sputum  in  phthisis 
offers  nothing  that  is  characteristic,  depending  wholly  U[)on  the  stage 
of  the  disease,  its  extent,  the  existence  of  complications,  etc.  In  a 
general  way  it  may  be  said  that  the  sputa  in  incipient  cases  are  usually 
small  in  amount,  of  a  grayish-yellow  color,  and  tenacious,  the 
amount  increasing  gradually  as  the  disease  progresses,  the  largest 
quantities  at  this  stage  being  expectorated  in  the  morning,  upon 
rising.  When  well  advance<l  the  nummular  sputa  are  seen.  The 
macroscopic  examination  of  the  sputa  of  tubercular  patients  offers  no 
characteristic  features,  the  elements  found  being  practically  the  same 
as  those  observed  in  cases  of  simple  chronic  bronchitis,  with  one  ex- 
ception— /.  e,,  the  occasional  admixture  of  blood,  which  is  usually 
visible  with  the  naked  eye,  but  may  vary  greatly  in  amount.  On  the 
one  hand,  small  specks  or  streaks  of  blood  may  be  thus  observed, 
while,  on  tlie  other,  the  sputa  may  consist  almost  entirely  of  blood. 
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The  color  of  the  sputum  is,  of  course,  largely  influenced  by  the 
amount  of  blood  present  and  the  length  of  time  that  this  has  re- 
mained in  the  lungs,  varying  from  a  bright  red  to  a  dirty  brown. 
In  cases  in  which  a  considerable  hemorrhage  has  taken  place,  it  is, 
of  course,  necessary  to  exclude  every  other  source,  before  attributing 
the  hemorrhage  to  a  pulmonary  origin,  and  in  cases  of  rupture  of  an 
aneurism,  or  long-continued  hypera?mic  conditions  of  the  lungs,  so 
frequently  observed  in  cases  of  heart-disease,  in  hemorrhage  of  gastric 
origin,  and  in  hemorrhage  from  the  mouth  or  pharynx,  it  may  at 
times  be  difficult  to  determine  the  source  of  the  blood. 

The  diagnosis  of  phthisis  is  thus  altogether  de])endent  upon  a 
microscopic  examination,  and,  above  all,  upon  the  demonstration  of 
tubercle  bacilli  and  ehistic  tissue,  which  have  both  been  considered 
in  detail.  In  addition  leucocytes,  alveolar  epithelial  cells,  hiema- 
toidin-crystals,  and  granules  are  met  with,  which  latter  may  be 
present  in  large  numbers,  if  a  hemorrhage  has  occurred  some  time 
before.  If  the  process  has  gone  on  to  the  formation  of  cavities, 
various  constituents  are  also  observed  which  are  found,  when  putre- 
factive processes  take  place  in  the  lung. 

CEdema  of  the  Lungs. — The  sputa  here  are  abundant,  thin, 
liquid,  and  frothy,  the  color  of  the  foam  varying  from  white  to  a 
dirty  reddish-brown.  Chemically  such  sputa  consist  almost  entirely 
of  transuded  serum,  and  are  hence  particularly  rich  in  serum-albu- 
min. Microscopically,  only  a  small  number  of  leucocytes  and  a 
variable  number  of  red  blood-corpuscles  are  found,  the  number  of 
the  latter,  however,  being  scarcely  large  enough  to  account  for  the 
red  color,  which  v.  Jaksch  ascribes  to  the  presence  of  methiemo- 
globin. 

Heart-disease. — The  sputa  observed  in  chronic  bronchitis,  the 
result  of  chronic  heart-disease  are  characterized  by  the  presence  of 
so-called  "heart-disease  cells" — /.  6*.,  alveolar  epithelial  cells  con- 
taining numerous  ha?matoidin-granules  (Plate  XIII.,  Fig.  3).  If, 
in  consequence  of  the  existence  of  chronic  heart-tlisease,  hemorrhagic 
infarcts  have  occurred  in  the  lungs,  the  patient  may  at  times  expec- 
torate numerous  masses  presenting  a  markedly  red  color,  while  later 
on — /.  e,,  after  several  davs — these  masses  assume  a  brownish-red 
appearance,  the  sputum  then  presenting  the  characteristics  noted 
some  time  after  a  hemorrhage. 

The  Pneumoconioses. — Among  the  [meumoconioses,  anthracosis, 
siderosis,  chalicosis,  and  stycosis  may  be  briefly  considered.  These 
conditions  are  interesting  not  only  from  a  physiologic,  but  also  from 
a  pathologic  standjx)int. 

AxTHRAca'^is. — To  some  extent  particles  of  carbon  may  he  found 
in  the  sputum  of  almost  every  individual,  and  especially  in  smokers. 
The  sputum  in  such  cases  is  of  a  pearl-gray  color,  and  is  expecto- 
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rated  in  larger  or  smaller  masses,  especially  in  the  morning  upon  ris- 
ing. Larger  amounts  are  noted  in  miners  and  those  who  are  brought 
into  close  contact  with  coal-dust.  Microscopically  particles  of  carbon 
and  epithelial  cells,  especially  of  the  alveolar  type,  as  well  as  leuco- 
cytes, loaded  with  the  pigment,  are  seen. 

SiDERasis. — In  siderosis  the  sputum  presents  a  brownish-black 
color  and  cn^ntains  cells  enclosing  particles  of  the  oxide  of  iron. 
These  may  be  readily  recognized  by  treating  the  preparation  with  a 
drop  of  ammonium  sulphide  or  potassium  ferrocyanide  solution  in  the 
presence  of  hydrochloric  acid,  when  a  black  color  on  the'one  hand  or 
a  blue  color  on  the  other  is  obtained  in  the  presence  of  iron. 

Chai.icosis. — In  chalicosis  silicates  are  found  in  the  sputa. 

Stycosis. — This  condition  was  described  for  the  first  time  by  A. 
Robin  in  a  man,  aged  seventy,  who  from  his  seventeenth  year  suf- 
fered from  cough  and  frequent  attacks  of  diarrhoea,  and  whose  condi- 
tion had  been  diagnosed  jis  phthisis  pulmonalis  et  intestinarum,  at 
various  times,  although  tubercle  bacilli  could  not  be  demonstrated. 
The  patient  died  from  acute  pericarditis,  complicating  an  attack  of 
acute  mono-articular  rheumatism.  Post  mortem  the  lungs  were 
found  to  be  perfectly  normal ;  the  bronchial  and  anterior  mediastinal 
glands,  as  well  as  the  mesenteric  glands,  however,  were  completely 
solidified  and  composed  almost  wholly  of  calcium  sulphate.  The 
man,  it  was  then  found,  had  been  working  in  plaster-of-Paris  all  his 
life,  and  the  symptoms  observed — viz,  cough,  expectoration,  and  diar- 
rhoea— Robin  is  inclined  to  attribute  to  the  pressure  of  the  solidified 
glands  upon   the  bronchi  and  intestines. 


CHAPTER    VII. 


THE  URINE. 


GENERAL  CONSIDERATIONS. 

This  is  not  the  place  to  enter  into  a  discussion  of  the  various 
hypotheses  which  have  been  advanced  to  explain  the  manner  in 
which  waste-material  is  removed  from  the  body  through  the  kidneys. 
It  will  suffice  to  state  that,  while  the  water  and  mineral  constituents 
of  the  urine  undoubtedly  pass  into  the  uriniferous  tubules  by  a  process 
of  transudation,  a  selective  glandular  activity  of  the  cells  lining  the 
convoluted  tubules  and  the  loop  of  Henle,  at  least,  appears  to  be 
necessary  for  the  elimination  of  the  most  important  organic  con- 
stituents. 

As  the  physical  characteristics  of  the  urine,  as  well  as  its  chem- 
ical composition,  are  influenced  not  only  by  the  age  and  sex  of  the 
individual,  but  also  by  the  character  of  the  food  ingested,  the  pn>cess 
of  digestion,  exercise,  climate,  temperature,  race,  etc.,  it  is  apparent 
that  a  quantitative  analysis  of  any  one  urine,  or  even  average  figures, 
can  only  give  an  approximate  idea  of  its  c'oraix)sition.  The  reader 
is  referred  for  information  to  the  special  paragraphs  c^oncerning  the 
variations  in  the  individual  constituents  observed  in  health.  It  is 
important,  however,  to  note  that,  notwithstanding  the  fairly  wide 
variations  here  observeil,  the  composition  of  the  blood,  as  already 
pointed  out  in  a  previous  chapter,  remains  quite  constant,  showing 
the  i)erfect  manner  in  whicli  the  nervous  system  through  the  kidneys 
guards  against  an  undue  accumulation  of  what  may  be  termeil  normal 
waste-products  in  the  blood,  and  in  virtue  of  which  abnormal  sul> 
stances  are  also  immediately  eliminated.  Moreover,  as  will  be 
pointed  out  later  on,  a  perfect  mechanism  appears  to  exist  which 
prevents  an  undue  accumulation  of  material  in  the  blood  that  can 
hardly  be  regartled  as  waste.  The  presence  of  an  amount  of  sugar 
in  the  blood  exceeding  6  p.  m.,  for  example,  appears  to  be  invariably 
followed  by  glycosuria,  and  the  introduction  of  excessive  (|uantities 
of  sodium  chloride  similarly  and  almost  immediately  leads  to  an 
elimination  of  the  excess. 
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GENERAL   CHARAOTERISTIOS   OF   THE  URINE. 

General  Appearance. 

Normal  urine,  just  voided  at  an  ordinary  temperature,  is  either 
perfectly  clear  or  but  faintly  cloudy,  owing  to  the  fact  that  the  acid 
and  normal  salts  present  are  all  soluble  in  water.  It  may  be  stated, 
as  a  general  rule,  that  whenever  a  urine  freshly  passed  manifests  a 
distinct  cloudiness  some  abnormality  must  exist. 

When  allowed  to  stand  for  a  time  a  light  cloud  is  seen  to  develop, 
which  gradually  settles  to  the  bottom,  constituting  the  so-called 
nubecula  of  the  ancients.  Examined  under  the  microscope  this  is 
found  to  contain  a  few  round,  granular  cells,  somewhat  larger  than 
normal  leucocytes,  the  so-called  mucous  coipusdes^  and  a  few  pave- 
ment-epithelial cells,  derived  from  the  bladder  or  genital  organs. 
Chemically  the  nubecula  probably  consists  of  traces  of  mucus. 

When  kept  for  twenty-four  hours  at  an  ordinary  temperature 
some  crystals  of  uric  acid  are  frequently  observed  in  addition  to  the 
above  elements,  usually  presenting  the  so-called  whetstone-form. 
If,  however,  the  temperature  at  which  the  urine  is  kept  approaches 
the  freezing  point,  the  entire  volume  becomes  cloudy,  owing  to  a 
precipitation  of  acid  urates.  As  these  are  very  much  less  soluble 
in  cold  than  in  warm  water,  they  gradually  settle  to  the  bottom  of 
the  vessel,  forming  what  is  known  as  a  sedimenty  while  the  super- 
natant fluid  again  becomes  clear. 

If  kept  still  longer,  exposed  to  the  air,  at  the  temperature  of  the 
room,  the  entire  volume  of  urine  again  becomes  cloudy,  owing  to  a 
diminution  of  its  normal  acidity,  the  result  being  a  precipitation  of 
ammonio-magnesium  phosphate,  calcium  phosphate,  and  still  later, 
when  the  urine  has  become  alkaline,  of  ammonium  urate. 

Gradually  a  heavy  sediment,  containing  these  salts,  in  addition  to 
the  constituents  of  the  primitive  nubecula,  forms  at  the  bottom  of 
the  v^essel ;  the  supernatant  fluid,  however,  remains  cloudy.  On 
microscopic  examination  it  will  be  seen  that  this  cloudiness  is  due 
to  the  presence  of  enormous  numbers  of  bacteria. 

The  changes  which  take  place  in  a  normal  urine,  when  allowed 
to  stand  at  an  ordinary  temperature,  may  thus  be  tabulated  as 
follows : 

I.  Urine  clear,  no  sediment — reaction  acid. 
II.  Urine    slightly    cloudy,  owing  to  the  development  of  the 
nubecula — reaction  acid. 

V  K^w»  1       ^   Mucous  corpuscles, 
iNuDecuia     -^  Pavement-epithelial  cells. 

III.  Urine  clear,  the  nubecula  has  settled — reaction  acid. 
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Sediment    < 


Mucoas  corpuscles, 
Epithelial  cells, 
Uric-acid  crystals, 
A  few  bacteria. 


IV.  Urine  cloudy,  owing  to  the  precipitation   of  phosphates — 
reaction  faintly  acid. 

V.  Urine  cloudy,  owing  to  the  presence  of  bacteria — reaction 
alkaline. 


Sediment 


Bacteria, 

Mucous  corpuscles. 
Epithelial  cells, 
Triple  phosphates, 
Tri-calcium  phosphate. 
Ammonium  urate. 


Color. 


The  color  of  normal  urine  may  vary  from  a  very  light  yellow  to 
a  brownish-red,  the  particular  shade  depending  essentially  ujwn  the 
specific  gravity,  becoming  lighter  with  a  diminishing,  and  darker 
with  an  increasing  density.  Pathologically  the  same  rule  holds 
good,  except  in  diabetes  in  which  a  very  high  sixjcific  gravity  is  gen- 
erally associated  with  a  very  light  color.  The  reaction  of  the  urine 
also  exerts  a  marked  influence  upon  its  color,  an  acid  urine  l^eing 
more  highly  colored  than  an  alkaline  urine,  which  can  be  readily 
demonstrated  by  allowing  a  specimen  of  acid  urine  to  become  alka- 
line, and  by  treating  an  alkaline  urine  with  dilute  hydrochloric  or 
acetic  acid.  At  the  same  time  it  may  be  said  that  every  urine  darkens 
slightly  on  standing,  the  reaction  remaining  acid. 

The  various  shades  observed  in  normal  urines  may  be  grouped 
under  the  following  headings  : 

1 .  Pale  urines  vary  from  a  faint  yellow  to  a  straw-color. 

2.  Normally  colored  urines  are  of  a  gc^lden  or  of  an  aml>er-yellow. 

3.  Highly  colored  urines  present  a  reddish-yellow  to  a  red  color. 

4.  Dark  urines  vary  between  brownish- red  and  reddish-brown. 
As  these  shades  may  occur  in  both  normal  and  pathologic  urines, 

definite  conclusions  cannot,  as  a  rule,  be  drawn  from  mere  inspection. 
A  very  pale  urine  simply  indicates  an  excess  of  water,  which  may  be 
normal,  but  may  also  occur  in  such  diseases  as  chronic  interstitial 
nephritis,  diabetes  mellitus,  diabetes  insipidus,  hysteria,  and  the 
various  ansemias ;  it  is  further  seen  during  convalescence  from  acute 
febrile  diseases,  while  a  highly  colored  urine,  though  also  occurring  in 
health,  may  indicate  the  existence  of  some  febrile  process.  It  may  be 
stated,  as  a  general  rule,  that  a  pale  urine  always  excludes  the  exist- 
ence of  a  febrile  disease  of  any  severity,  and  that  the  continued  secre- 
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tion  of  a  very  pale  urine  is  usually  associated  with  a  certain  degree 
of  ansemia. 

The  normal  color  of  the  urine  is  probably  owing  to  the  presence  of 
several  pigments,  which  are  most  likely  closely  related  to  each  other 
and  to  hsematin. 

In  addition  to  these  colors  others  may  be  observed  at  times,  which 
are  either  pathologic  or  accidental — i,  e.,  due  to  the  presence  of  cer- 
tain drugs.  The  former  are,  on  the  whole,  of  greater  importance  to 
the  physician  than  those  mentioned  above,  as  more  definite  conclu- 
sions can  be  drawn  from  their  presence. 

Most  important  among  such  pathologic  pigments  are  those  due  : 

1.  To  the  presence  of  blood  coloring  matter.  The  color  in  such 
cases  may  vary  from  a  bright  carmin  to  a  jet-black,  the  exact  shade 
depending  upon  the  quantity  of  blood  coloring-matter  present,  upon 
changes  that  the  blood  may  have  undergone,  either  before  or  after 
being  passed,  and  also  upon  the  presence  of  the  pigment  in  solution 
or  contained  in  red  corpuscles. 

2.  Those  due  to  the  presence  of  biliary  coloring  matter.  The  color 
here  varies  from  a  greenish-yellow  to  a  greenish -brown. 

3.  A  milky-colored  urine  is  observed  in  cases  of  chyluria. 
Among  the  accidental  abnormalities  in  color,  on  the  other  hand, 

are  those  due  to  the  presence  of  substances  like  carbolic  acid  and  its 
congeners,  santonin,  etc. 

As  the  recognition  of  the  causes  of  such  alterations,  normal,  patho- 
logic, and  accidental,  largely  depends  upon  a  more  detailed  study  of 
the  individual  pigments,  this  subject  will  be  dealt  with  more  fully 
further  ou  (see  Pigments  and  Chromogens). 

Odor. 

The  odor  of  the  urine  is  usually  of  little  significance.  Normally 
it  resembles  that  of  bouillon,  and  in  some  cases  that  of  oysters ;  it 
is  probably  due  to  the  presence  of  several  volatile  acids.  The  odor 
of  urines  undergoing  decomposition  is  characteristic  and  has  been 
termed  "  the  urinous  odor  of  urine,"  an  ill-chosen  term,  as  this  odor 
is  always  indicative  of  an  abnormal  condition. 

The  ingestion  of  asparagus,  onions,  oil  of  turpentine,  etc.,  pro- 
duces a  characteristic  odor  which  is  of  no  significance. 

Consistence. 

Urine,  while  normally  fluid  and  but  slightly  viscid,  may  in  dis- 
ease acquire  a  marked  degree  of  viscidity,  which  becomes  especially 
apparent  upon  attempting  its  filtration ;  the  liquid  passes  through 
the  paper  with  more  and  more  difficulty,  and  finally  clogs  its  pores 
altogether. 
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Quantity. 

The  normal  quantity  of  the  urine  is  subject  to  great  variation,  the 
amount  eliminated  in  the  twenty-four  hours  being  influenced  by  the 
amount  of  fluid  ingested,  the  nature  and  quantity  of  the  food,  the 
process  of  digestion,  the  blood-pressure,  the  surrounding  tempera- 
ture, sleep,  exercise,  body-weight,  sex,  age,  etc. 

It  is  easy  to  understand,  then,  why  the  figures  given  by  different 
observers  in  different  countries  should  vary  considerably.  Salkow- 
sky,  in  Grermany,  thus  gives  1,500  to  1,700  c.c.  as  the  normal 
amount;  v.  Jaksch,  in  Austria,  1,500  to  2,000  c.c;  Landois  and 
Sterling,  in  England,  1,000  to  1,500  c.c. ;  Gautier,  in  France,  1,250 
to  1,300  c.c.  In  this  country  I  have  found  an  average  secretion  of 
from  1,000  to  1,200  c.c.  in  the  adult  male,  and  900  to  1,000  c.c.  in 
the  adult  female.  It  is  thus  seen  that  the  secretion  of  urine  is 
greatest  in  Grermany  and  Austria,  where  the  body-weight  and  inges- 
tion of  liquids  are  greater  than  in  England,  France,  and  the  United 
States. 

Children  pass  less,  but  relatively  more  urine,  considering  their 
body- weight,  than  adults. 

The  female  passes  somewhat  less  than  the  male. 

During  the  summer  months,  when  a  larger  proportion  of  water  is 
removed  from  the  body  through  the  skin  and  lungs  than  in  cold 
weather,  less  urine  is  voided.  The  same  occurs  during  repose, 
more  urine  being  passed  during  active  exercise,  and  hence  less  dur- 
ing the  night  than  during  the  day. 

The  amount  of  urine  secreted  in  the  different  hours  of  the  day 
varies  greatly,  reaching  its  maximum  a  few  hours  after  meals.  It 
decreases  toward  night,  and  reaches  its  lowest  point  in  the  first  hours 
of  the  night,  after  which  it  begins  to  rise  rapidly  until  2  or  3 
o'clock  in  the  morning. 

The  ingestion  of  large  amounts  of  liquid,  of  course,  increases  the 
daily  amount  considerably,  and  3,000  c.c.  may  be  passed  under  such 
conditions  by  an  individual  in  good  health,  while  it  may  decrease  to 
800  or  900  c.c.  when  but  little  liquid  is  taken. 

After  the  ingestion  of  much  solid  food  the  secretion  of  urine  is 
temporarily  diminished. 

Water  containing  no  salts  possesses  distinct  diuretic  properties,  as 
do  also  beer,  wine,  coffee,  tea,  etc. 

The  most  imj^ortant  medical  diuretics  arc  digitalis,  squill,  broom, 
spirits  of  nitrous  ether,  juniper,  urea,  etc. 

Pathologically  the  amount  of  urine  varies  within  very  wide  limits. 
It  may  be  exceedingly  difficult,  however,  to  determine  in  a  given 
case,  whether  or  not  the  secretion  is  within  physiologic  limits.  As 
a  general  rule,  whenever  less  than  500  c.c.  or  more  than  3,000  c.c. 
are  passed  some  abnormal  condition  exists,  providing  all  other  causes 
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whicli  might  lead  to  the  secretion  of  such  an  amount  can  be  elimi- 
nated. 

Clinically  we  speak  of  polyaria  and  oligurUi. 

Polyuria. — Polyuria  has  been  observed  in  many  diCTerent  diseases, 
and  under  such  varied  conditions  that  a  classification  is  at  present 
only  warrantable  upon  a  hypothetic  basis,  especially  as  the  causes 
concerned  in  its  production  are  mostly  unknown. 

As  this  condition  is  almost  invariably  associated  with  diabetes 
mellitus,  its  existence  in  any  case  should  always  excite  suspicion  and 
lead  to  a  proper  examination.  The  quantity  of  fluid  eliminated  in 
diabetes  is  usually  dependent  upon  the  amount  ingested.  The  excre- 
tion of  a  proportionately  large  amount  of  fluid,  however,  does  not 
necessarily  follow  the  ingestion  directly,  and  a  retention  of  a  large 
amount  may  occur ;  it  has  been  shown,  as  a  matter  of  fact,  that  the 
diabetic  patient  excretes  liquids  with  greater  difficulty  than  the 
healthy  subject.  At  the  same  time  it  should  be  borne  in  mind  that 
the  polyuria  in  diabetes  is  not  necessarily  continuous,  and  that  periods 
during  which  a  normal  or  even  a  subnormal  amount  of  urine  is  ob- 
served may  alternate  with  true  polyuria.  From  2  to  26  or  even  50 
litres  may  be  passed  within  twenty-four  hours.  Intercurrent  dis- 
eases of  a  febrile  character  may  modify  the  quantity  very  materially 
and  cause  the  elimination  of  a  normal  or  subnormal  amount. 

The  caus3  of  the  polyuria  occurring  in  diabetes  mellitus  is  at  pres- 
ent unknown.  The  ingestion  of  large  amounts  of  liquids,  of  course, 
leads  to  a  correspondingly  large  elimination,  and  the  existing  poly- 
dipsia could,  hence,  be  made  responsible  for  the  polyuria;  the  latter 
would  thus  be  the  result  of  an  increased  stimulation  of  the  thirst- 
centre,  possibly  owing  to  the  presence  of  some  abnormal  constituent 
of  the  blood.  The  polydipsia,  however,  may  also  be  the  result  of  a 
primary  polyuria. 

The  polyuria  associated  with  the  resorption  of  large  pericardial, 
pleural,  ascitic,  and  subcutaneous  effusions  is  more  readily  under- 
stood, although  the  primum  mobile  may  be  unknown  ;  it  depends  in 
such  cases  entirely  upon  the  presence  of  excessive  quantities  of  fluid 
in  the  blood-vessels. 

A  form  of  polyuria  which  has  been  termed  "epicritic  polyuria," 
is  frecjuently  observed  during  convalescence  from  acute  febrile  dis- 
eases, and  is  of  some  prognostic  importance.  Its  occurrence  in  a 
given  aise  is  regarded  by  many  as  a  good  omen,  especially  in  ty- 
phoid fever  ;  still  it  must  not  be  forgotten  that  a  polyuria  may  occur 
after  the  subsidence  of  the  fever,  and  be  followed  bv  a  considerable 
degree  of  oliguria,  and  in  some  cases  may  precede  death.  A  polyuria 
of  this  kind  probably  always  indicates  the  elimination  of  waste-prod- 
ucts which  had  accnimilated  in  the  blood  during  the  course  of  the  dis- 
ease, but  may,  at  the  same  time,  be  due  to  the  presence  of  retained  water. 
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Second  in  constancy  is  the  polyuria  associated  with  granular 
atrophy  of  the  kidneys,  constituting  one  of  the  most  important  symp- 
toms of  the  disease.  Cases  have  been  reported  in  which  as  much  as 
10,000  c.c,  of  urine  were  secreted  in  the  twenty-four  hours  ;  2,000 
to  4,000  c.c.  represent  the  usual  amount  in  such  cases.  Polydipsia 
usually  exists  at  the  same  time,  and  the  explanation  of  the  polyuria 
again  becomes  a  very  difficult  matter.  The  explanation  usually  given 
is  based  upon  the  following  considerations  : 

In  granular  atrophy  of  the  kidneys  large  tracts  of  renal  parenchyma 
are  destroyed,  the  result  being  a  diminution  in  the  area  of  glandular 
material,  which  in  itself  would  lead  to  a  diminished  secretion  of 
urine.  The  coexisting  cardiac  hypertrophy,  however,  by  raising  the 
blood-pressure  in  the  kidneys,  is  supposed  to  counterbalance  the 
renal  deficiency  and  even  lead  to  an  increase  in  the  amount  of  urine. 
There  seems  to  be  some  doubt  as  to  the  correctness  of  such  an  explana- 
tion,  however,  as  the  existence  of  hypertrophy  of  the  left  ventricle  in 
the  absence  of  glandular  disease  of  the  kidneys  by  no  means  leads  to  a 
degree  of  polyuria  which  is  at  all  comparal)le  to  that  observed  in  this 
disease.  It  is  possible  tliat  while  cardiac  hypertrophy  in  itself  may 
be  07i€  of  the  causative  factors,  still  another  may  be  a  vicarious  action 
of  the  sound  glandular  elements.  If  such  is  the  correct  explanation: 
the  coexisting  polydipsia  is  merely  secondary.  This,  however,  can 
only  be  regarded  as  an  hypothesis,  and  the  diminished  renal  secre- 
tion associated  with  a  gradually  developing  cardiac  dilatation  cannot 
be  upheld  as  an  absolute  proof  of  its  correctness. 

Polyuria,  furthermore,  has  been  observed  in  the  most  divers  dis- 
eases of  the  nervous  system,  both  functional  and  organic.  It  is  fre- 
quently observed,  both  as  transitory  and  a  permanent  symptom,  in 
cases  of  hysteria.  Large  quantities  of  a  very  pale  urine  are  secreted 
afi;er  the  occurrence  of  severe  hysterical  seizures,  but  the  same  may 
be  observed  throughout  the  course  of  tlie  disease.  A  similar  con- 
dition is  frequently  seen  in  neurasthenia,  migraine,  chorea,  and 
epilepsy. 

On  the  whole,  it  may  be  said  that  a  paroxi/nmui  polyuria  in 
nervous  diseases  is  associated  with  functional  derangement,  while 
a  continiioiui  polyuria  appears  to  be  connected  rather  with  true 
organic  changes.  It  has  been  observed  in  certain  cases  of  tabes, 
cerebro-spinal  and  spinal  meningitis,  the  first  stage  of  general  pare- 
sis, tumors  affecting  the  medulla,  the  cerebellum,  and  spinal  cord, 
in  injuries  affecting  the  central  nervous  system,  in  Basedow's  dis- 
ease, etc. 

Cases  of  idiopathic  diabetes  insipidus  must  probably  be  classified 
under  this  heading.  Enormous  quantities  of  urine  may  be  secreted 
in  this  disease,  being  equalled  only  in  cases  of  diabetes  mellitus,  and 
at  times  reaching  43  litres  per  diem. 
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Oliguria. — ^Oliguria  is,  on  the  whole,  more  frequent  than  polyuria, 
and  is  met  with  in  almost  all  conditions  associated  with  a  lowered 
blood-pressure.  First  in  order  stand  those  cases  of  cardiac  disease 
in  which  compensation  has  failed,  whether  the  cardiac  weakness  is 
primary  or  occurring  secondarily  to  other  diseases — /.  e.,  pulmonary, 
hepatic,  and  renal. 

The  oliguria  observed  in  the  so-called  continued  fevers,  notably 
typhoid  fever,  is  probably  also  referable  to  the  existence  of  cardiac 
weakness.  It  should  be  remembered,  however,  that  a  larger  pro- 
portion of  water  is  eliminated  through  the  skin  and  lungs  than  nor- 
mally, and  that  a  retention  of  fluids  also  undoubtedly  occurs,  which 
is  not  referable  to  cardiac  weakness ;  still  other  factors  may  be  con- 
cerned in  its  production. 

The  oliguria  occurring  in  acute  nephritis  and  in  chronic  paren- 
chymatous nephritis  in  all  probability  depends  largely  upon  mechan- 
ical causes,  the  increased  intra-canalicular  resistance  in  the  form  of 
desquamated  epithelium  and  tube-casts,  as  well  as  the  pressure  of 
the  exudate  upon  the  blood-vessels  obstructing  the  passage  of  urine, 
while  the  functional  activity  of  the  diseased  glandular  elements  is  at 
the  same  time  lowered. 

Upon  mechanical  causes,  also,  depend  all  those  cases  of  oliguria 
which  are  associated  with  the  presence  of  a  stone  or  tumor  pressing 
upon  a  portion  of  the  urinary  tract.  Oliguria  may  occur  as  a  nerv- 
ous manifestation  in  connection  with  puerperal  eclampsia,  lead-colic, 
hysteria,  psychic  depressions,  preceding  and  during  epileptic  seizures, 
etc.  Whenever  there  is  a  diminution  in  the  amount  of  bodily 
fluids  oliguria  is  also  observed  ;  this  is  particularly  marked  in  cholera 
and  following  severe  hemorrhages. 

Obstruction  to  the  flow  of  blood  in  the  vena  cava  or  liver,  lead- 
ing to  an  increase  of  venous  pressure  and  a  decrease  of  arterial 
pressure  in  the  kidneys,  likewise  results  in  oliguria,  as  is  seen  in 
atrophic  hepatic  cirrhosis,  acute  yellow  atrophy,  thrombosis  of  the 
vena  cava  and  the  renal  vein,  or  in  cases  in  which  pressure  is  ex- 
erted upon  these  by  tumors,  ascitic  fluid,  etc. 

Tn  any  case  the  oliguria  may  go  on  to  complete  anuria,  which  con- 
dition not  infrequently  precedes  death.  Anuria  may,  however,  also 
occur  independently  of  a  pre-existing  oliguria,  as  in  hysteria. 

Specific  Oravity. 

The  specific  gravity  of  normal  urine  varies  between  1.015  and 
1.025,  corresponding  to  1,200  to  1,500  c.c,  viz,  the  normal  amount 
of  urine  voided  in  twenty-four  hours.  Pathologically  a  specific 
gravity  of  1.002  on  the  one  hand  and  1.060  on  the  other  may  occur, 
depending  upon  the  amount  of  solids  and  fluids  present,  increasing 
as  the  solids  increase,  the  amount  of  urine  remaining  the  same,  and 
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decreasing  as  the  amount  of  fluid  increases^  the  solids  remaining  the 
same.  The  specific  gravity  is  thus  an  index,  in  a  general  way,  of 
the  metabolic  processes  taking  place  in  the  body. 

The  necessity  of  determining  the  specific  gravity  of  the  total 
amount  of  urine  voided  in  a  given  case,  and  not  that  of  an  individual 
specimen  passed  during  the  twenty-four  hours,  becomes  apparent 
upon  considering  the  variations  which  can  occur  in  the  solids  and 
liquids  during  the  day.  The  ingestion  of  large  amounts  of  water  or 
beer  would,  of  course,  result  in  the  passage  of  a  corresj)ondingly 
large  quantity  of  urine  within  the  next  few  hours,  containing  but  a 
small  amount  of  solids,  and  hence  presenting  a  low  specific  gravity. 
It  would  be  erroneous  to  infer  a  diminished  excretion  of  solids  for 
the  day  from  such  an  observation,  as  succeeding  specimens  would  in 
all  probability  be  passed  which  present  a  higher  specific  gravity. 
An  observation  made  upon  a  specimen  taken  from  the  collected 
quantity  of  urine  of  the  twenty-four  hours,  moreover,  can  only  then 
<5onvey  a  correct  idea  if  the  quantity  falls  within  the  normal  limits. 
If  this  should  not  be  the  case,  the  volume  of  urine  observed  must 
first  be  reduced  to  the  normal  and  the  specific  gravity  then  taken. 

Supposing  a  known  quantity  of  common  salt  to  be  dii^solved  in 
1,000  c.c.  of  water,  so  that  the  resulting  specific  gravity  is  1.24,  by 
doubling  the  amount  of  salt  and  water  the  specific  gravity  would 
still  remain  the  same,  while  the  amount  of  salt  would  actually  be 
twice  as  large  as  at  first.  In  order  to  obtain  the  specific  gravity 
indicating  the  true  amount  of  solids  present  it  would  be  necessary  to 
concentrate  the  fluid  to  1,000  c.c.  The  specific  gravity  being  in- 
versely proportionate  to  the  amount  of  fluid  secreted,  the  necessjirv 
correction  is  made  according  to  the  following  formula  : 

Sp.  gr.  ^  -^ 

in  which  Sp.  gr.  indicates  the  specific  gravity  to  be  determined,  q 
the  amount  of  urine  actually  passed,  d  the  specific  gravity  observed, 
and  N  the  normal  amount  of  urine— /.  c,  1,200  c.c. 

Example  :  A  patient  has  passed  3,000  c.c.  of  urine  in  the  twenty- 
four  hours  with  a  specific  gravity  of  1.017  ;  this  is  corrected  accord- 
ing to  the  alK)ve  formula  : 

^  3,000X17      ,  . ,,, 

^P'S'-'  i;2oo  -  =  ^-^4- 

From  the  specific  gravity  the  amount  of  solids  c^ui  be  calculated 
with  sufficient  accuracy  for  clinical  purposes  by  multi])lyin^  the  last 
two  decimal  points  by  2,  the  number  obtained  indicating  the  amount 
of  solids  in  1,000  c.c.  of  urine. 

To  illustrate  the  necessity  of  either  indicating  the  total  amount  of 
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urine  passed  within  the  twenty-four  hours,  and  of  taking  the  specific 
gravity  from  this  collected  urine,  or  of  correcting  the  specific  gravity 
as  shown  above  (which  latter  method  is  far  preferable,  and  should  be 
generally  adopted  in  urinary  reports),  the  following  case  may  be  sup- 
posed : 

A  "  specimen  ^'  of  urine  is  taken,  presenting  a  specific  gravity  of 
1.002  ;  by  multiplying  the  2  by  2,  the  person  would  be  supposed 
to  pass  4  grammes  of  solids  in  every  1,000  c.c.  of  urine.  Had  the 
specific  gravity  been  observed  in  the  total  amount  of  urine,  passed  in 
the  same  twenty-four  hours,  it  would  have  been  found  to  be  1.012, 
the  man  having  passed  3,000  c.c.  of  urine ;  by  multiplying  12  by  2, 
24  grammes  of  solids  would  have  represented  the  amount  in  every 
1,000  c.c. — i,  e.,  24  X  3  =  72  grammes  in  toto.  The  same  result 
would  have  been  reached  by  correcting  the  specific  gravity  of  1.012 
for  the  normal  amount  of  urine. 

The  first  calculation  then  would  have  indicated  a  considerable 
deficit  as  compared  with  the  second. 

The  following  rules  for  practice  may  thus  be  stated  : 

1.  Whenever  the  specific  gravity  only  is  to  be  indicated  in  a  uri- 
nary report  it  should  always  be  the  corrected  one  ;  if  this  is  not  done, 
the  amount  of  urine  should  be  stated  in  every  case. 

2.  The  specific  gravity  should  always  be  taken  from  a  specimen 
of  the  collected  urine  of  the  twenty-four  hours,  and  never  from  a 
specimen  ad  libiiwn. 

From  the  rule,  that  the  specific  gravity  of  a  urine  is  inversely  pro- 
portionate to  the  amount  of  fluid  eliminated  it  must  follow  that  what- 
ever causes  produce  oliguria  will  also  produce  a  high  specific  gravitj', 
while  all  those  causes  which  produce  a  polyuria  will  similarly  pro- 
duce a  low  specific  gravity,  with  the  following  exceptions  : 

1.  A  diminished  amount  of  urine  with  a  lowered  specific  gravity 
occurs  in  many  chronic  diseases  and  toward  the  fatal  termination  of 
acute  diseases,  indicating  a  defective  elimination  of  solids. 

2.  The  same  may  be  observed  in  certain  cases  of  oedema. 

3.  Following  copious  diarrhoea,  vomiting,  and  sweating. 

4.  A  high  s[>eeific  gravity  is  associated  with  polyuria  in  diabetes 
mellitus. 

T  Unfortunately  the  determination  of  the  s[)ecific  gravity  and  the 
solids  contained  in  urines  does  not  furnish  as  valuable  information 
in  many  cases  as  would  be  expected  d  jyriori.  This  is  largely  owing 
to  the  fact  that  the  organic  constituents  of  the  urine  have  a  lower 
specific  gravity  than  the  inorganic  salts,  and  especially  the  chlorides, 
which  are  usually  present  in  considerable  amount.  It  thus  not  in- 
frequently happens  that  the  nitrogenous  constituents  are  considerably 
increased,  while  the  specific  gravity  is  relatively  low,  owing  to  the 
absence  or  a  diminution  in  the  amount  of  chlorides.     In  other  words, 
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while  the  specific  gravity  may  be  regarded  as  a  fair  index  of  the 
total  amotiDt  of  solids  excreted,  its  increase  or  decrease  furnishes  no 
information  as  to  the  nature  of  the  constituents  causing  such  a  change. 
Detemimstion  of  the  Specific  Gravity. — ^The  specific  gravity  of 
the  urine  is  most  conveniently  determined  by  means  of  a  hydrometer 
indicating  degrees  var^'ing  from  1.002  to  1.040.  Such  instruments, 
constructed  espedally  for  the  examina- 
tion of  urine,  are  termed  iiniiomelen 
(Fig.  75).  A  good  instrument  should 
have  a  stem,  upon  which  the  individual 
divisions  are  at  least  1.5  mm.  apart,  and 
in  which  each  division  should  corre- 
spond to  a  half  degree. 

Urinometers  may  also  be  purchased 
which  are  provided  with  a  thermometer, 
a  matter  of  great  convenience.  Even,- 
instrument  should  be  carefully  tested  by 
comparison  with  a  standm-d  hydrometer. 
In  order  to  determine  the  specific 
gravity  in  a  given  case  a  cylindrical  ves- 
sel is  nearly  filled  with  urine  and  the 
uriiiometer  aloteli/  inserted,  the  reading 
being  taken  at  the  lower  meniscus,  as 
soon  as  the  instrument  has  come  to  a  rest. 
PiiECAUTroNS.  —  1.  The  urinomcter 
must  be  given  ample  room,  and  the  read- 
ing should  never  be  taken  when  the  in- 
strument adheres  to  the  sides  of  the  ves- 
sel, as  owing  to  capillary  attraction  it  is 
otherwise  raised,  causing  the  reading  to 
become  too  high. 

2.  The  instrument  must  be  perfectly 
dry  and  clean  before  being  used,  and 
should  never  be  allowed  to  "  drop  "  into 
the  urine,  as  otherwise  the  weight  of  the 
instrument  is  increased  by  adhering  drops 
of  water,  and  the  reading  liecomes  too  low. 

3.  Any  foam  upon  the  surface  of  the 
urine  should  first  be  removed  by  means  of  a  piece  of  fi]ter-j>a)>er,  as 
it  interferes  with  the  accuracy  of  the  reading ;  bubbles  of  air  adher- 
ing to  the  instrument  and  thereby  raising  it,  should  be  carefully  re- 
moved with  a  feather. 

4.  The  siw^cific  gravity  should  always  be  determined  in  siwcimcns 
taken  from  the  twenty-four-hour  urine,  and  corrected  according  to 
the  formula  given  above. 
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i).  If  the  quantity  of  urine  is  too  small  to  determine  its  specific 
gravity  with  a  urinometer,  the  following  method  may  be  advan- 
tageously employed : 

About  50  c.c.  of  urine  are  measured  off  into  a  small  bottle,  pro- 
vided with  a  ground-glass  stopper,  or  into  a  pyknometer  like  the  one 
pictured  in  Fig.  76,  and  accurately  weighed.  The  weight  of  the 
urine  divided  by  its  volume  gives  the  specific  gravity,  which  must, 
however,  be  corrected  for  the  temperature  of  the  urine.  If  accuracy 
is  required,  such  a  correction  should  be  made  in  every  case,  as  the 
specific  gravity  increases  or  decreases  by  1°  for  every  3°  C.  above  or 
below  the  point,  for  which  the  instrument  is  registered,  viz,  15°  C. 
Acconling  to  Bouchardat  and  Mercier,  this  method  is  not  strictly  ac- 
-curate,  and  the  following  table  has  been  constructed  by  which  the 
proi)er  corrections  can  be  readily  made  : 


Tempera- 

Normal 

Sugar 

Tempera- 

Normal 

Sugar 

ture. 

urine. 

urine. 

ture. 

urine. 

urine. 

0° 

0.9 

1.3 

18° 

0.3 

0.6 

1 

0.9 

1.3 

19 

0.5 

0.8 

2 

0.9 

1.3 

20 

0.9 

1.0 

3 

0.9 

1.3 

21 

0.9 

1.2 

4 

0.9 

1.3 

22 

1.1 

1.4 

5 

0.9 

1.3 

23 

1.3 

1.6 

() 

0.8 

1.2 

24 

1.5 

1.9 

/ 

0.8 

1.1 

.25 

1.7 

2.2 

8 

0.7 

1.0 

26 

2.0 

2.5 

9 

0.6 

0.9 

27 

2.3 

2.8 

10 

0.5 

0.8 

28 

2.5 

3.1 

11 

0.4 

0.7 

29 

2.7 

3.4 

12 

0.3 

0.6 

30 

3.0 

3.7 

13 

0.2 

0.4 

31 

3.3 

4.0 

14 

0.1 

0.2 

32 

3.6 

4.3 

15 

0.0 

0.0 

33 

3.9 

4.7 

16 

0.1 

0.2 

34 

4.2 

5.1 

17 

0.2 

0.4 

35 

4.6 

5.5 

Example  :  Supposing  the  specific  gravity  to  have  been  1.030,  at  a 
temperature  of  20°  C,  it  would  be  necessary  to  add  0.9  to  the  1.030, 
making  this  1.0309  ;  at  a  temperature  of  10°  C,  it  would  similarly 
be  necessary  to  subtract  0.5. 

Determination  of  the  Solid  Constituents. — As  indicated  above, 
the  amount  of  solids  can  be  calculated  with  a  degree  of  accuracy  suf- 
ficient for  clinical  purposes  by  multiplying  the  last  two  figures  of  the 
specific  gravity  by  2  ;  the  number  obtained  indicates  the  amount  of 
solids  in  every  1,000  c.c.  of  urine.  If  greater  accuracy  is  required, 
the  following  method  may  be  employed  : 

Five  c.c.  of  urine,  accurately  measured,  are  placed  in  a  watch 
crystal  containing  a  little  dry  sand  (sand  and  crystal  having  been 
j)reviously  weighed)  ;  this  is  placed  over  a  dish  containing  concen- 
trated sulphuric  acid,  and  under  the  receiver  of  an  air-pump,  which 
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has  been  msde  perfectly  air-tight  by  thoroughly  lubricating  the 
gronnd-glass  edge  of  the  bell  with  mutton  tallow  and  applying  the 
bell  with  a  slightly  grinding  movement  to  the  grouad-gki^s  ]ilate. 
The  receiver  is  now  exhausted  and  the  urine  allowed  to  remain  in 
the  vacuum  for  twenty-four  hours,  when  the  bell  is  again  exhausted 
and  left  for  twenty-four  hours  longer;  at  the  end  of  this  time  the 
crystal  is  weighed,  the  diflFerence  between  the  two  weights  obtained 


indicating  the  amount  of  solids  in  5  c.c.  of  urine,  from  which  the 
percentage  and  total  amount  are  readily  calculated. 

The  slight  loss  of  ammonia  which  results,  when  this  method  is 
employed,  scar«?ely  affects  the  accuracy  of  the  result. 

REACTION. 

The  reaction  of  the  twenty-fonr-hour"urine  is,  as  a  rule,  acid ; 
individual  8]>ecimens,  jKissed  in  the  course  of  the  same  t«enty-four 
hours,  may  be  either  alkaline,  acid,  or  amphoteric. 

When  a  mixture  of  several  different  acids  is  brought  into  contact 
with  a  mixture  of  alkalies,  the  acids  combine  with  the  alkalies 
according  to  the  degree  of  affinity  which  exists  between  the  two,  and 
the  amount  present  of  each.  Upon  the  excess  of  acids  over  alkalies, 
and  rice  rcrw,  depends  the  resulting  reaction.  If  the  alkalies  are 
not  sufficient  in  amount  to  saturate  the  acids,  au  acid  reacli<m  will 
result,  while  an  insufficient  amount  of  acid  will  ^ve  rise  to  an  alka- 
line reaction.  The  same  principle  holds  good  for  the  acids  and 
alkalies  giving  rise  to  the  salts  present  in  the  urine.  As  here  the 
alkaline  substances  are  not  present  in  sufficient  amount  to  saturate 
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the  acids,  which  can  readily  be  seen  from  the  following  table,  the 
acid  reaction  of  normal  urine  is  explained  : 


HH 

S(\ 

PA 

3.0334 
0.9827 

K 

Na 

5.4780 
5.4780 

NH, 

0.5977 
0.8087 

Ca 

Mg 

10.1265 
6.3811 

2.3157 
1.3315 

2.5830 
1.5194 

0.0405    i 

0.0233 

1 

0.0880 
0.0843 

The  figures  in  the  first  column  indicate  the  average  daily  amount 
of  the  inorganic  acids  and  alkalies,  present  in  the  urine  of  twenty- 
four  hours,  and  the  figures  in  the  second  column  their  equivalents 
in  terms  of  sodium,  that  of  phosphoric  acid  having  been  estimated  as 
diacid  sodium  phosphate.  From  this  it  is  seen  that  the  acid  equiv- 
alents, 8.6953,  exceed  the  alkaline  equivalents,  7.9137,  by  0.7816 
gramme  of  sodium.  There  are  present  then  in  the  urine,  in  addi- 
tion to  the  normal  salts  of  the  monobasic  acids,  acid  salts  and  especially 
diacid  sodium  phosphate,  NaHjPO^.  To  the  latter  the  acidity  of 
the  urine  is  due.  If,  on  the  other  hand,  the  alkalies  exceed  the  acids 
in  amount,  an  alkaline  urine  will  result,  which  may  occur  physiolog- 
ically under  various  conditions. 

The  so-called  amphoteric  reaction  will  be  observed  when  the  diacid 
and  neutral  sodium  phosphates,  NaH^PO^  and  NaHgPO^,  are  present 
in  a  certain  definite  proportion ;  the  urine  then  changes  the  color  of 
red  litmus  paper  to  blue,  and  vice  versa, 

A  neutral  urine  is  never  ol)served  under  normal  conditions.  The 
presence  of  a  free  acid,  moreover,  is  not  possible,  as  it  would  imme- 
diately cause  the  formation  of  ammonia  from  the  tissues  of  the  body, 
and  the  urea  in  the  urine  finally  would  combine  with  any  free  acid, 
which  might  be  present. 

The  question  now  arises,  how  does  the  acidity  of  the  urine  re- 
sult, and  what  are  the  ultimate  factors  which  will  produce  an  alka- 
line and  an  amphoteric  reaction? 

These  arc  problems  which  as  yet  await  a  final  answer.  Our 
present  ideas,  however,  may  be  formulated  as  follows  :  In  the  me- 
tabolism of  the  body-tissues  acids  are  constantly  produced  ;  chief 
among  these  is  sulphuric  acid,  which  results  from  albuminous  decompo- 
sition, and  hydrochloric  acid,  which  at  a  certain  period  of  digestion 
is  reabsorbed  into  the  blood  together  with  peptones.  As  the  alka- 
linity of  the  blood  is  due  to  neutral  sodium  phosphate  and  sodium 
carbonate,  these  salts  are  attacked  by  the  free  acids,  as  soon  as  they 
enter  the  blood,  the  result  being  the  formation  of  acid  salts,  and,  as 
the  latter  diffuse  more  readily  through  an  animal  membrane  than 
alkaline  salts,  the  secretion  of  an  acid  urine  from  the  alkaline  blood 
is  in  part  explained. 

Nevertheless  it  is  impossible  to  exclude  a  certain  specific  action  on 
19 
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the  part  of  the  glandular  elements  of  the  kidne\s,  as  otherwise  the 
secretion  of  all  glands,  suppoeing  this  to  depend  upon  a  process  of 
filtration  or  diffusion  only,  would  necessarily  be  acid. 

As  the  alkalinity  of  the  blood  increases  the  acidity  of  the  urine 
decreases,  until  finally  an  alkaline  urine  results.  The  degree  of  the 
alkalinity  of  the  blood,  however,  depends  essentially  upon  the 
nature  of  the  food  and  the  secretion  of  the  gastric  juice,  viz,  hydro- 
chloric acid.  The  ingestion  of  vegetable  food,  rich  in  salts  of  or- 
ganic acids,  which  become  oxidized  in  the  body  to  the  carbonates  of 
the  alkalies,  will  result  in  the  {passage  of  an  alkaline  urine,  for  the 
alkalies  thus  formed,  when  absorbed  into  the  blood,  are  more  than 
sufficient  to  neutralize  completely  all  the  acids  present,  and  the  elimi- 
nation of  neutral  sodium  phosphate  alone  takes  place.  In  the  case 
of  animal  food  the  reverse  holds  good.  The  alkaline  carbonates 
here  formed  are  not  sufficient  to  neutralize  the  excess  of  acids,  and 
diacid  phosphate  of  sodium  is  hence  eliminated  in  large  quantity. 

An  amphoteric  urine  results  whenever  the  elimination  of  neutral 
and  acid  sodium  phosphate  is  the  same ;  such  an  occurrence  is, 
therefore,  more  or  less  accidental. 

As  the  alkalinity  of  the  blood  is  increased  during  the  secretion 
of  the  acid  gastric  juice,  it  may  frt*quently  happen,  especially  follow- 
ing the  ingestion  of  a  large  amount  of  food,  that  an  alkaline  urine 
is  voided.  If  this  does  not  take  place  the  acidity  of  the  urine  is  at 
least  diminished,  but  increases  again  during  the  process  of  resorp- 
tion of  hydrochloric  acid  and  peptones.  The  statement  so  gener- 
ally found  in  text-books,  that  the  urine  secreted  after  a  meal  is  alka- 
line, is  not  strictly  correct ;  in  a  series  of  observations  which  I  made 
in  this  direction  an  alkaline  urine  was  observed  in  only  twenty  per 
cent,  of  the  cases  examined. 

It  may  thus  l)e  stated  that  an  alkaline  urine  will  result  under 
physiologic  conditions  whenever  the  alkaline  salts  present  in  the 
foinl  are  sufficient  to  neutralize  all  the  acids  forme<l,  as  occurs  in  the 
case  of  a  vegetable  diet,  and,  furthermore,  whenever  the  period  of 
gastric  secretion  is  lengthened. 

If  an  acid  urine  is  allowed  to  st^md  exposed  to  the  air  for  a  cer- 
tain length  of  time,  its  degree  of  acidity  gradually  diminishes,  and 
the  reaction  finally  becomes  alkaline.  At  the  same  time  the  urine 
becomes  cloudy  and  deposits  a  sediment,  which  consists  of  ammonio- 
magnesiuni  phosphate,  MgNH^PO^  +  ^)H^O,  neutral  calcium  phos- 
phate, C^a,(POj2»  Ji"d  still  later  contains  ammonium  urate,  C^H^- 
(NH,)jjN^03,  in  addition  to  the  constituents  of  the  primitive  nul>ecula 
— f.  c,  a  few  mucous  corpuscles  and  pavement  epithelial  cells.  The 
entire  volume  of  urine,  moreover,  remains  cloudy,  owing  to  the  pres- 
ence of  innumerable  bacteria.  The  odor  becomes  extremely  disagree- 
able, and  distinctly  "urinous."      In  short,  "ammoniacal  decomposi- 
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tion  "  has  occurred.  This  has  been  shown  to  depend  upon  the  action 
of  certain  bacteria,  notably  the  micrococcus  urese  and  the  bacterium 
urese,  which  are  present  in  the  air ;  these  organisms  cause  the  decom- 
position of  the  urea  found  in  every  urine,  with  the  formation  of 
ammonium  carbonate,  according  to  the  following  equations : 

CO(NHa),  rf  2H2O  =  (NH,)200, 
( NHJ^COs  =  2NHj  +  H2O  4-  CO.2. 

It  is  not  the  bacterium,  however,  which  directly  produces  the  re- 
sult, but  a  bacterial  product,  and  in  this  case  an  enzyme. 

An  alkaline  urine,  the  akalinity  of  which  is  not  due  to  am- 
moniacal  fermentation,  however,  but  to  other  causes,  as  indicated 
above,  may,  of  course,  undergo  the  same  change  as  an  acid  urine ; 
but  it  is  necessary  to  distinguish  sharply  between  these  two  varieties 
of  alkaline  urines,  as  the  recognition  of  the  cause  of  the  alkalinity  is 
very  often  most  important  in  diagnosis.  The  distinction  is  readily 
made  by  fastening  a  piece  of  sensitive  red  litmus-paper  in  the  cork 
of  the  bottle  containing  the  urine.  If  the  alkalinity  of  the  urine  is 
due  to  the  presence  of  ammonia,  the  litmus-paper  will  turn  blue,  but 
soon  changes  to  red  again  when  exposed  to  the  air ;  while  a  urine, 
the  alkalinity  of  which  is  due  to  the  presence  of  fixed  alkalies,  will 
turn  reil  litmus-paper  blue  only  when  immersed  in  the  urine,  the  change 
in  color  at  the  same  time  persisting. 

As  ammoniacal  decomposition  can  also  occur  within  the  urinary 
passages,  it  is  important,  whenever  an  alkaline  reaction  due  to  the 
presence  of  ammonia  is  observed,  to  test  the  urine  at  once  upon  being 
voided,  or,  still  better,  to  procure  a  portion  with  the  catheter.  Such 
urines  are  frequently  seen  in  cases  of  cystitis  the  result  of  paralysis, 
urethral  stricture,  gonorrhoea,  etc. 

An  intensely  acid  reaction  is  observed  in  almost  all  concentrated 
urines,  especially  in  fevers,  in  certain  diseases  of  the  stomach,  asso- 
ciated ^nth  a  diminished  or  suspended  secretion  of  hydrochloric  acid, 
in  gout,  lithiasis,  acute  articular  rheumatism,  chronic  Bright's  dis- 
ease, diabetes,  leukaemia,  scurvy,  etc.  Whenever  a  very  acid  urine 
is  secreted  for  a  considerable  length  of  time  the  possibility  of 
renal  irritation  and  the  formation  of  concretions  should  be  borne 
in  mind. 

An  alkaline  urine,  the  alkalinity  of  which  is  not  owing  to  the 
presence  of  ammonia,  but  to  a  fixed  alkali,  is  observed  in  certain 
cases  of  debility,  especially  in  the  various  forms  of  anaemia,  follow- 
ing the  resorption  of  alkaline  transudates,  the  transfusion  of  blood, 
frequent  vomiting,  a  prolonged  cold  bath,  etc.  It  may  also  be  due 
to  the  ingestion  of  certain  drugs,  viz,  salts  of  the  organic  acids  and 
alkaline  carbonates,  the  former  being  transformed  into  the  latter,  as 
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*,/"   tift^ft^-^    0     \i^   '<HM#r*^,2CUkn    ■r    ?^-»'x    tan    e     '.w-gnv^-si.^ir  -o 

\^tAUf         ^*    <|l     iU**TUu^0l     ili*    ^VBMt^     A-    in*'   !•    tit-    afc-i*TTTni»H      »r   tilt 

^n^fUf  U\nt  )M#^*^A«*firiBp'  wuu^^'t^uihui:  -nn.-fam***  r^um  br  — rrain  car- 
V^Hf»iH^«*9    i(i/«r^iuii     •r.*      r'iii*n   lav.*  injfi*?TiniM*  "HOit^ranitii.      Tiik- 

f.  <^#*Hi^tMP*  .*i  ti#*  M*;iiir;  \/  if^tniiii  irmi*  imm  -fumdmr  fe  in  "iH- 
V^^>#  i4M4l^  ^#*  *"ii«»  w  Uf|r  '«\  I  fi»f*nmn»«jHni»iL  »r  unn*  rf  ^hqiiixl  ^)«r 
^^  i*4}*<  ^irvv*>Mfin*  \i!'  jwidinv    ti'TJt   imn*    ir  ^imimL  iniL  mb^   iil. 

lMMnriWlM4Ml  4f  tlM(  Aridi^  of  Ike  Uriw— TV  >M1  dm  bed 

Vp^^hA      'Hit*  m  i*4t4'UU'My  ^0H^A   ^j]M^i  !?jfr  ^'l»^-r-»aT5"i;  iLai   the 

I^mhhA  n  JM#ili//4.  fo  'fh  *,*-.  of  urin"  th*-  total  amount  ot'  j>Ik»s- 
|/lM/H^  m/'mI  '\^  t ^\\umS^i\  M*  iSi'^rWitA  on  jKijr*;  .*>1'J.  TIr^  result  is 
<^M*M'1  'S  Im  «  a;4'/'ofMl  j^'irfion  of  -Vi  r-.*-.  tlu'  riKiiia^-id  pho>j>liates, 
M,  MM-  Mm  m  \m't'\\MMU*t\  with  n  iionnal  dilution  of  l^jirinni  (^'hloride — 
/  t  ,  oMi  iohImImImj/  WK'l  j/niniiiM'H  of  tin*  crN^tallizcd  >alt  in  1,000 
I' »'  III  vviiln^  lOi',<'.  Im'IM^  imI<I<'<I  for  rvcry  100  ingrni^.  of  the  total 
HIMMMiH  mI  |ihMi*hhorh' (M'id  found.  After  the  addition  of  the  barium 
ihi'  inUlnH'  U  illhiti'd  In  100  r.e.,  fdtered,  and  the  ])hos])lioric  aeid 
i»Otnnli«i|  In  /itt  I'.e.  of  ihr  llltniti'.  The  result  obtained  is  termed 
h  (  hOnp  to  (h<*  fuel  tliiil  the  monophosphates  are  not  only  pre- 
elplltitiil  hv  ihe  ihhhlion  of  the  hnrium  chloride,  hut  also  a  small 
(nuituni  ot  noiniMl  phonphiite^,  and  that  a  small  amount  of  diaeid 
phnnphtHe  In  IninHMJ  at  the  mhuh*  tinu»  anil  passes  into  solution,  an 
v\\\\\  I"  \\\\v\  Ineni'Ved.  Thiw,  hi»\v«^ver,  remains  eonstant,  and  amounts 
\\\  \  \\\\  rent   in  llivor  of  the  diaeid  phosphates.      As  the  total  amount 
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of  phosphoric  acid  is  subject  to  fairly  wide  variations,  even  in  health, 
it  is  best  to  calculate  the  relative  proportion  of  T  to  D  for  100  c.c. 
of  urine,  and  then  to  determine  the  absolute  degree  of  acidity  for  the 
twenty-four  hours.  Figures  are  thus  obtained  which  are  directly 
comparable  with  one  another. 

Example  :  Supposing  that  T  amounted  to  0.386  gramme  for  100 
c.c.  of  urine,  and  D  to  0.338  gramme.  Three  per  cent,  of  D  would 
then  have  to  be  deducted  for  reasons  just  given,  making  the  true 
value  of  D  0.3368.  The  relative  proportion  of  T  to  D  would  then 
he  87.5,  as  determined  according  to  the  equation : 

0.386  :  0.3368  :  :  100  :  x  and  x  =  87.5. 

Supposing,  further,  that  the  total  amount  of  urine  was  2,000  c.c, 

the  total  acidity  for  the  twenty-four  hours  would  correspond  to  1,740, 

according  to  the  equation   100 :  87.5  :  :  2,000  :  x,  and  x  =  1,740, 

1  740 
and  the  total  acidity  per  hour  to    'ov    ,  «.  ^.,  72.5. 

The  results  obtained  can  also  be  expressed  in  terms  of  hydrochloric 
acid,  100  mgrms.  of  the  diacid  phosphates  corresponding  to  102,8 
mgrms.  of  hydrochloric  acid.  This  mode  of  indicating  the  total 
acidity  of  the  urine  would  actually  be  the  better. 

If  the  urine  should  be  alkaline  and  cloudy,  the  sediment  is  first 
dissolved  by  carefully  adding  a  one-tenth  or  one-fourth  normal  solu- 
tion of  hydrochloric  acid,  the  amount  added  being  then  deducted 
from  the  total  acidity.  Should  negative  values  be  found,  these  could 
be  expressed  in  terms  of  sodium  hydrate.* 

With  this  method  a  complete  revision  of  all  the  work  previously  ac- 
complished will  be  necessary,  and  the  results  given  above  have  refer- 
ence only  to  the  old  method  of  titration  with  a  one-tenth  normal  so- 
lution of  sodium  hydrate. 

THE   CHEMISTRY  OF   THE   URINE. 

Oeneral  Chemical  Composition  of  the  Urine. — It  has  been 
}X)inted  out  tliat,  owing  to  the  influence  exerted  uiK)n  the  chemical 
composition  of  the  urine  by  many  factors,  such  as  age,  sex,  tempera- 
ture, digestion,  exercise,  etc.,  the  figures  given  by  different  observers 
to  express  the  absolute  quantities  of  the  various  ingredients  elimi- 
nated in  the  twenty-four  hours  vary  within  fairly  wide  limits.  A 
general  idea  may,  however,  be  formed  of  these  constituents,  and 
tlieir  average  amounts  under  physiologic  conditions,  from  the  follow- 
ing table  : 

'  Tiic  urine  i»  carefuUy  guarded  against  ammoniacal  decomposition  by  the  addition, 
to  tlie  first  portion  voided,  of  from  20  to  25  c.c.  of  a  solution  of  10  grammee  of  oil  of 
peppermint  in  100  c.c.  of  alcohol. 


-i^«r  'ir    «#«v»u 


«Nk 


II  ^ 


L/C 

*.  "(Si 


•  *^ 


1.43 


13.€5 
4.(6 

l.» 


:    :  I 

l/i  im\hit\ityi^U'  'v/rMlifiori*!  th#;  following  substance^  may  also  be 
fifhl^\  Im  mi\ui\nu  ;  Hi'nirri'albtjrnin,  globulin,  hemialbumose,  pep- 
{iiih^^f  m^U'Ui  (Mii^'l^'O-ttlbiiiniM),  {Aw^m*,  lactofie,  inosit,  dextrin,  biliary 
i^ihn\\Uu*i\it^f  vi//f  \Mt*  mMn  ana  bile  pigment,  blood  pigment,  uroni- 
l^'MlM^MHilhi^  iironilirofimrin,  niHanin,  IcMicin,  tyrosin,  oxybutyric 
m*l«l^  «llMiifi>lii,  nu,  !<•<•!( Iiin,  rlioleHterin,  acetone,  alcohol,  Baiim- 
olfi^li'a  aiilia(iiMc<s  iirocaninic  aci<l,  cystin,  sulplniretted  hydrogen, 
Ntld  «Hll  olhora. 

QuiitiUUUve  iMtlmatlon  of  the  Mineral  Ash  of  the  Urine. — In 

tiHl»M  lo  MfilitMMii*  ihn  anioiinl  of  nnncnil  ash  in  the  urine  the  follow- 
lli()  MiMlhiMl  ttniy  Ih«  pniploytMl : 

I'^lllv  !'.»'.  i»r  iirliit'  aiv  evaporate*!  to  drvne-s^^  in  a  weighed  }>orce- 
lulh  \\U\\,  \\\  a  lein|M»ratuin»  of  100°  (\,  and  tlien  luxated,  while 
»Hivi>h»d»  ov«»l*  ihe  rt*t»e  fhuue  until  gases  ivase  to  he  evolvixl,  eare  being 
lalu^U  uol  \\\  \\xH\\  loo  Mh>ugly  in  onler  to  avoid  sputtering.  The 
hwildue  l«  taken  up  \\\\\\  distilh>tl  l>oiHng  water,  and.  at^er  s^anding, 
rtlbM">^d  tlu>>ti|ih  rt  S^hleiehor  and  S^hulTs  fiUor,  the\\vight  ot'the  ash 
\sK  \\\\\A\  <«  kuo\>u.  The  dish  and  the  <N>ntents  ot'  the  filter  aix^  well 
\\i^^h>^l  \\\\\\  \\\s\  wi^tter,  I'NItmto  and  wa>hinc^  art^  s<^t  aside  and  the 
"XsAs  ^\\\\  rtltev  \\\i%\\  \\\  ihe  oven  M  \  \  '>''  1^»  The  filt^^r  is  now  pUoed 
\>\  SW  \\\A\  t{\s\\  A^s\\\^  iWx^iwc^vMcA.     S>  N»>i%n  as  the  ash  has  tnn">cd 
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white  the  filtrate  and  washings  are  placed  in  the  same  dish,  evapo- 
rated at  100°  C,  and  then  carefully  heated  over  the  free  flame. 
Upon  cooling  in  the  desiccator  (Fig.  77)  the  dish  witli  its  contents 
is  weighed,  the  difference  Iietween  its  present  and  previous  weight 
indicating  the  quantity  of  ash  contained  in  50  c.c.  of  urine. 

Precautions  :  1.  Care  should  be  taken  to  allow  the  dish  to  be- 
come faintly  red  only  for  a  moment,  as  some  of  the  chlorine  is  other- 
wise volatilized.     Some  phosphoric  acid  may   also  escape  and  too 


strong  a  heat,  moreover,  may  cause  the  transformation  of  sulphates 
into  sulphides,  the  organic  material  present  acting  as  a  reducing 
agent. 

2.  If  the  organic  ash  is  not  completely  incinerated,  it  is  best  to 
allow  the  disli  to  cool  and  then  to  moisten  the  ash  with  a  few  drops 
of  dilute  sulphuric  acid,  when  the  heating  is  continued. 

The  Chlorides. 

The  chlorides  which  are  excreted  in  the  urine  are  derived  from  the 
food.  As  they  are  thus  present  in  a  much  larger  amount  than  all 
other  inot^nic  salts  combined,  and  in  quantity  more  than  sufBcient 
to  supply  the  needs  of  the  body-economy,  the  relatively  lai^  amoimt 
of  chlorides  found  in  the  urine  under  physiologic  conditions,  as  com- 
pared with  the  other  inot^nic  constituents,  is  readily  explained. 

Of  the  alkalies  in  the  urine,  sodium  in  combination  with  chlorine 
exists  in  greatest  amount,  and  for  clinical  purposes  it  is  most  con^ 
venicnt  to  calculate  the  total  quantity  of  chlorides  found  in  terms  of 
sodium  chloride  ;  a  small  proportion  also  occurs  combined  with  po- 
tassium, ammonium,  calcium,  and  magnesium. 

From  11  to  1-5  grammes  of  sodium  chloride^  representing  the  total 
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C|iiantity  of  chlorine,  are  normally  elimiuated  in  the  twenty-four 
hoiirn^  the  amount  depending,  of  course,  directly  upon  that  contained 
in  the  food  ingested.  If  the  amount  of  nourishment  is  diminished, 
a  decrease  in  the  elimination  of  the  chlorides  is  observed.  If  this 
is  carried  to  the  point  of  star\'ation,  the  chlorides  disappear  al- 
most entirely  from  the  urine,  the  traces  remaining  l>eing  derived 
from  the  IxKly-fluids.  The  latter  retain  tenaciously  a  certain  amount, 
which  differs  but  slightly  from  that  normally  present.  If  at  this 
stage  frxKl  a>ntaining  sodium  chloride  is  again  taken,  a  i>ortion  will 
Ikj  retained  in  the  Ixjdy  until  the  original  equilibrium  is  restored.  A 
similar  retention  may  be  obser\'ed  for  a  few  days  following  the  in- 
gestion of  large  (juantiti(»s  of  water,  which  causes  an  increased  elim- 
ination of  chlorides. 

This  tenacity  on  the  part  of  the  body  in  retaining  sodium  chloride 
is  strikingly  wjen  when  the  ]K}tassium  salt  is  substituted  for  the  so- 
dium salt ;  in  this  case  the  amount  of  the  sodium  in  the  serum  of  the 
blcKKl  will  1m»  found  to  vary  but  very  slightly. 

It  has  also  been  shown  that  the  excretion  of  sodium  chloride 
<5an  l>e  very  materially  increased  by  the  ingestion  of  potassium 
salts,  notably  the  neutral  potassium  phosphate  (K^HPOJ.  This  is 
supposed  to  decompose  the  sodium  chloride  present  in  the  serum, 
resulting  in  the  formaticm  of  i)otassium  chloride  and  neutral  sodium 
phosphate,  which  are  both  eliminated  as  foreign  material ;  a  point 
is  finally  reached,  however,  when  the  sodium  chloride  ceases  to  be 
excreted. 

This  provision  of  the  economy,  in  virtue  of  which  an  increase  in 
tin*  elimination  of  the  salt  is  followed  by  its  retention,  and  a  pre- 
vious retention  by  an  increased  elimination,  is  supposed  to  be  refer- 
able to  the  albuminous  metabolism  taking  place  in  the  body.  It 
may  be  stattul,  jis  a  general  rule,  that  any  increase  in  tlie  amount  of 
einnilating  albunnn  will  be  followed  by  an  increased  eliminati(m  of 
chlorides,  these  having  be<Mi  pn^viously  retained  by  the  albuminous 
lM)dies  in  consc(|uen<»e  of  the  great  affinity  which  exists  between 
them.  At  the  same  time  the  elimination  of  the  chlorides  is  influ- 
enoiHl  by  the  quantity  of  urine  excreted,  increasing  and  decreasing 
with  its  volume. 

Pathological Iv  the  excretion  of  the  chlorides  mav  varv  within 
wide  limits,  diminishing  on  the  one  hand  to  zero,  and  incrt^asing 
on  the  other  to  as  much  as  ">()  grammes  or  more  in  the  twenty-four 
hours.  A  marked  diminution,  going  on  in  some  cases  to  a  total 
nbsencHS  was  formerly  thought  to  be  ixithognomonic  of  acute  croup- 
ous pneumonia.  More  modern  investigjitions,  however,  have  shown 
that  su(*h  a  condition  occurs  to  a  greater  or  less  degree  in  most  acute 
febrile  diseasc^s,  such  lus  scarlatina,  roseola,  variola,  typhus,  and  ty- 
phoid fevers,  reiuirnMis,  and  acute  yellow  atrophy. 
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The  explanation  of  this  phenomenon  must  be  sought  for,  first,  in 
a  diminished  ingestion  of  chlorides  ;  secondly,  in  a  retention  of  these 
in  the  blood,  which  is  probably  associated  with  an  increase  in  the 
amount  of  the  circulating  albumin  ;  thirdly,  in  a  diminished  renal 
secretion  of  water ;  fourthly,  in  a  possible  elimination  of  a  por- 
tion of  the  chlorides  through  other  channels,  as  in  cases  of  severe 
diarrhoea,  the  formation  of  serous  exudates,  etc.  Intermittent  fever 
appears  to  be  an  exception  to  this  rule ;  the  chlorides,  it  is  true,  are 
usually  diminished,  but  not  to  the  extent  seen  in  the  other  diseases 
mentioned  ;  they  have,  moreover,  been  found  to  increase  during  and 
sometimes  immediately  after  a  paroxysm,  this  increase  being,  of 
course,  followed  by  a  corresponding  diminution. 

The  chlorides  are  diminished  in  all  acute  and  chronic  renal  dis- 
eases associated  with  albuminuria,  owing,  to  some  extent,  at  least, 
to  a  diminished  secretion  of  water.  In  all  cases  of  carcinoma  of 
the  stomach,  chronic  hypersecretion  of  gastric  juice,  associated  with 
dilatation,  a  decrease  is  also  observed,  which  in  certain  cases  of 
hypersecretion  and  hy[^racidity,  the  result  of  gastric  ulcer,  may  go 
on  to  a  total  absence.  In  anaemic  conditions  the  chlorides  are  like- 
wise diminished,  as  also  in  rickets.  In  melancholia  and  idiocy  a 
striking  decrease  is  observed ;  in  dementia,  chorea,  and  pseudo- 
hypertrophic paralysis  this  is  less  marked.  A  total  absence  has 
been  noted  in  pemphigus  foliaceus,  and  a  considerable  diminution  in 
the  beginning  of  impetigo,  as  also  in  chronic  lead-poisoning. 

Tl^e  chlorides  are  found  in  increased  amount,  on  the  other  hand, 
in  all  conditions  in  which  retention  has  previously  occurred,  chief 
among  these  being  the  acute  febrile  diseases  and  cases  in  which  a  re- 
sorption of  exudates  and  transudates,  associated  with  an  increased 
diuresis,  is  taking  place.  A  marked  increase  has  also  been  noted  in 
some  cases  of  diabetes  insipidus,  in  which  29  grammes  have  been 
eliminated  in  the  twenty-four  houre.  A  similar  increase  may  occur 
in  prurigo,  in  which,  in  one  instance,  29. G  grammes  were  passed  in 
twenty-four  hours.  In  cases  of  general  paresis,  during  the  first  stage, 
an  increased  elimination  goes  hand  in  hand  with  an  increased  inges- 
tion of  food.  In  ej)ilepsy  the  jwlyuria  following  tlie  attacks  is  as- 
sociated with  an  increase  in  the  chlorides. 

Of  drugs,  certain  diuretics,  and  some  of  the  potassium  salts,  as  has 
been  mentioned,  produce  an  increase :  the  chlorine  contained  in 
chloroform,  w4i ether  administered  internally  or  as  an  ansesthetic,  is 
in  part  excreted  in  the  form  of  a  chloride.  Salicylic  acid,  on  the 
other  hand,  is  said  to  cause  a  temporary  diminution. 

It  is  of  practical  importance  to  note  that  in  acute  febrile  diseases 
the  diminution  in  tlie  chlorides  appears  to  vary  with  the  intensity  of 
the  disea'^e,  a  decrease  to  0.05  gramme  pro  die  justifying  the  con- 
clusion that  the  case  under  observation  is  of  extreme  gravity.     It 
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may  at  times  also  indicate  the  previoar  ocemTeDce  of  severe  diarriicea 
or  the  formatioD  of  exudates  of  considerable  extent.  A  continued 
increase,  on  the  other  hand,  ^^hould  lead  to  the  concluaon  that  the 
patient's  condition  is  improving. 

The  elimination  of  the  chlorides  alao  furnishes  a  £Eiir  index  to  the 
digestive  powers  of  the  patient.  This  rule  als*»  holds  good  for  most 
chronic  diseases.  All  other  causes  which  might  lead  to  an  increase 
or  decrease  licing  eliminated,  an  excretion  of  frr>m  10  to  15  grammes 
indicates  a  fair  cciudition  of  the  appetite  and  a  normal  digestive 
power,  a  decrease  toeing  associated  widi  the  reverse. 

An  increased  elimination  of  chlorides  occurring  in  cases  of  oedema, 
and  associated  with  the  existence  of  serous  exudates,  is  always  of 
good  prognostic  omen,  pointing  to  a  resorption  of  the  fluid. 

A  crmtinued  elimination  of  more  than  15  to  20  grammes,  all  other 
causes  l)eing  excluded,  may  be  considered  as  pathognomonic  of  dia- 
betes insipidus. 

Teat  for  Chloridea  in  the  Urine. — The  recognition  of  the  chlo- 
rides in  the  urine  is  based  upon  the  fact  that  the  addition  of  a  solu- 
tion of  nitrate  of  silver  causes  their  precipitation,  the  reaction  takings 
place  according  to  the  following  equation  : 

AgNO,  4-  NaCl  =  AgC'l  -f  NaXO,. 

The  silver  chloride  thus  formed  is  insoluble  in  nitric  acid. 

The  test  is  made  in  the  following  manner  :  After  having  removed 
any  albumin  that  may  l)e  present,  according  to  methods  given  else- 
where (see  Albumin),  a  few  c.c.  of  urine  are  acidified  in  a  test-tulxj  with 
alx)ut  10  drops  of  pure  nitric  acid,  and  treated  with  a  few  c.c.  of 
silver  nitrate  solution  (1  :  20).  The  occurrence  of  a  white  precipi- 
tate in(li(!jite8  the  jiresence  of  chlorides.  An  idea  may  be  formed  at 
the  same  time  of  the  (|uantity  j)resent ;  the  occurrence  of  a  heavy, 
caseous  pn^cipitate  |X)ints  to  a  large  amount. 

Quantitative  Estimation  of  the  Chlorides  by  the  Method  of 
Salkowski-Volhard. — Wlien  a  solution  of  silver  nitrate,  acidified 
with  nitric  acid,  is  treated  with  a  solution  of  potassium  sulpho-cyanide 
or  ammonium  8ulpho-cyani<le,  in  tlie  presence  of  a  ferric  salt,  the 
potassium  sulplio-cyanide  first  causes  the  precipitation  of  white  silver 
Hulpho-cyanide,  which,  like  silver  chloride,  is  insoluble  in  nitric  acid  : 

AgNOa  !  KSCN  =  AgSCN  -f  KNO,. 

As  soon  as  every  trace  of  silver  is  precipitated,  it  combines  with 
the  ferric  salt  to  form  iron  sulpho-cyanide,  which  is  of  a  l)lood-red 
(ndor  : 

OKSC'X  4-  ^V,(S0J3      Fe,(SCN )«  -f  8K,S(\. 

If  the  potassium  sulpho-cyanide  solution  is  of  known  strengtli,  it 
is  possible  to  estimate  accurately  the  amount  of  silver  present  in  the 
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solution,  the  ferric  salt  serving  as  an  indicator  of  the  end  of  the  re- 
action between  the  silver  and  the  potassium  sulpho-cyanide. 

Application  to  the  urine :  To  urine  which  has  been  acidified  with 
nitric  acid  an  excess  of  a  silver  solution  of  known  strength  is  added, 
and  the  silver  not  used  in  the  precipitation  of  the  chlorides  then  esti- 
mated according  to  the  method  given  above.  The  difference  between 
the  quantity  thus  found  and  the  total  amount  used  will  be  that  con- 
sumed in  the  precipitation  of  the  chlorides,  from  which,  knowing  the 
strength  of  the  silver  solution,  its  equivalent  in  terms  of  sodium 
chloride  is  readily  determined. 

Reagents  required  : 

1.  A  solution  of  silver  nitrate  of  such  strength  that  every  c.c.  shall 
correspond  to  0.01  gramme  of  sodium  chloride. 

2.  A  solution  of  potassium  sulpho-cyanide  of  such  strength  that 
25  c.c.  shall  correspond  to  10  c.c.  of  the  silver  nitrate  solution. 

3.  A  solution  of  a  ferric  salt,  such  as  ammonio-ferric  alum,  satu- 
rated at  an  ordinary  temperature. 

4.  Nitric  acid  (specific  gravity  1.2). 
Preparation  of  these  solutions  : 

1.  As  pointed  out,  the  silver  nitrate  solution  is  made  of  such 
strength  that  every  c.c.  shall  correspond  to  0.01  gramme  of  sodium 
chloride ;  in  other  words,  a  standard  solution  is  employed. 

The  silver  nitrate  must  be  pure,  and  it  is  best  to  use  the  crystal- 
lized salt  and  not  the  sticks  wrapped  in  paper,  which  always  contain 
reduced  silver.  In  order  to  test  the  purity  of  the  salt,  about  1 
gramme  is  dissolved  in  distilled  water,  heated  to  the  boiling-point, 
the  silver  precipitated  by  dilute  hydrochloric  acid  and  filtered  off. 
The  filtmte,  when  evaporated  in  a  platinum  crucible,  should  leave 
either  no  residue  at  all  or  only  a  very  faint  one ;  otherwise  it  is  nec- 
essary to  recrystallize  the  salt  until  the  desired  degree  of  purity  is 
reached. 

The  determination  of  the  quantity  to  be  dissolved  in  1,000  c.c.  of 
water  is  based  upon  the  fact  that  one  molecule  of  silver  nitrate 
(molecular  weight  170)  combines  with  one  molecule  of  sodium  chlo- 
ride (molecular  weight  58.5)  to  form  silver  chloride  and  sodium 
nitrate.  As  the  solution  of  nitrate  of  silver  shall  be  of  such  strength 
that  1  c.c.  corresponds  to  0.01  grm.  of  sodium  chloride,  or  1,000  c.c. 
to  10  grms.,  the  quantity  to  be  dissolved  in  1,000  c.c.  is  found  ac- 
cording to  the  following  equation  : 

58.5  :  170  :  :  10  :  X  ;  58.5  x  ==  1,700  ;  x  =  29.059. 

Theoretically,  then,  this  quantity  should  be  dissolved  in  1,000  c.c. 
of  water.  It  is  better,  however,  to  dissolve  it  in  a  quantity  some- 
what less  than  1,000  c.c,  such  as  900  or  950  c.c,  as  the  silver  salt 
contains  water  of  crj-stallization  and  the  weighed-off  quantity  would 


300  THE  URISE. 

not  represent  the  accurate  amount  required,  but  less,  the  correcting  of 
a  goliition  which  is  too  strong  being  a  much  simpler  matter  than  that 
of  a  solution  which  is  too  weak. 

To  make  this  correction,  or,  in  other  words,  to  bring  the  solution 
to  its  proi>er  strength,  O.lo  gramme  of  sodium  chloride  which  has 
lK»en  previously  dried  carefully  by  heating  in  a  platinum  cnicible,  is 
accurately  weighed  off,  dissolved  in  a  little  distilled  water,  and  further 
diluted  to  about  100  c.c.  To  this  solution  a  few  drops  of  a  solution 
of  chromate  of  potassium  are  added,  when  the  mixture  is  titrated 
with  the  silver  solution. 

The  nitrate  of  silver  will  first  precipitate  the  sodium  chloride,  and 
then  cr^mbine  with  the  potassium  chromate,  forming  red  silver  chro- 
mate, according  t^t  the  equation  : 

2AgNO,  ^  KJCt<\  —  Ag,Cr04  +  2KNO3. 

The  slightest  orange  tinge  remaining  after  stirring  indicates  the 
end  of  the  reaction.  Were  the  solution  of  the  silver  nitrate  of  the 
proper  strength,  exactly  15  c.c.  should  have  been  used,  as  ever)-  c.c. 
shall  represent  0.01  gramme  of  sodium  chloride.  As  a  matter  of  fact, 
less  will  in  all  probability  be  needed,  the  solution  having  been  pur- 
jKiscly  made  too  strong.  Its  correction  then  becomes  a  simple  matter, 
as  it  18  merely  necessary  to  determine  the  degree  of  dilution  required. 

Supposing  the  29.059  grammes  of  silver  nitrate  to  have  been  dis- 
solved in  900  c.c,  of  water,  and  that  14.5  c.c.  instead  of  15  c.c.  had 
been  required  to  precipitate  the  0.15  gnimme  of  sodium  chloride,  it 
is  evident  that  every  14.5  c.c.  of  the  remaining  solution  must  be 
diluted  with  0.5  c.c.  of  water.  It  is,  hence,  onlv  neoessarv  to  divide 
the  number  of  c.c.  of  the  silver  uitnite  solution  remaining  by  14.5  ; 
the  result  multiplied  by  0.5  represents  the  amount  of  water  which 
must  be  added  in  order  to  bring  the  solution  to  the  required  strength. 
Hence  the  rule  for  the  correction  of  a  solution  which  has  been  found 
too  strong  : 

n    ' 

in  whi(»h  V  re)>resent8  the  number  of  c.c.  of  water,  which  must  be 
added  to  the  solution  remaining  ;  X  the  total  number  of  c.c.  remain- 
ing after  titration  ;  n  the  number  of  c.c.  consumed  in  one  titration  ; 
and  d  the  difference  between  the  number  of  c.c.  theoretically  required 
ami  that  actually  useil  in  one  titration. 

» 

In  the  example  given  the  ecjuation  would  then  read  : 

14.') 

32.29  c.c,  of  distilled  water  arc  added  to  the  remaining  9*^G.5  c.c, 
and  the  strength  of  the  solution  testtnl  by  a  second  titration.     If  the 
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solution  is  found  too  weak,  it  is  best  to  make  it  too  strong,  and  then 
to  correct,  as  described. 

2.  Preparation  of  the  potassium  sulpho-cvanide  solution :  From 
tlie  equation  AgNOg  +  KSCN  =  AgSCN  +  KNO3,  '^^  ^s  seen  that 
one  molecule  of  silver  nitrate  (molecular  weight  170),  combines  with 
one  molecule  of  potassium  sulpho-cyanide  (molecular  weight  97). 
The  quantity  of  the  latter  to  be  dissolved  in  1,000  c.c.  of  water  is 
thus  found  from  the  following  equation  : 

170  :97  :  :  11.6236  :  x  ;  170  x  :^  11.6236  X  97;  x^6.6. 

As  potassium  sulpho-cyanide  is  extremely  hygroscopic,  a  solution 
is  made  which  is  too  strong,  by  dissolving  about  10  grammes  of  the 
salt  in  900  c.c.  of  distilled  water.  In  order  to  bring  this  solution  to 
its  proper  strength,  10  c.c.  of  the  silver  solution  are  diluted  to  100 
c.c;  4  c.c.  of  nitric  acid  (specific  gravity  1.2)  and  5  c.c.  of  the  am- 
monio-ferric  alum  solution  are  added,  when  the  mixture  is  titrated 
with  the  potassium  sulpho-cyanide  solution  ;  the  end-reaction  is 
recognized  by  the  production  of  a  slightly  reddish  color,  which  per- 
sists on  stirring.  The  sulpho-cyanide  solution  having  been  purposely 
made  too  strong,  it  will  be  found  that  less  than  25  c.c.  are  needed  to 
precipitate  all  the  silver  present.  The  quantity  of  water  necessary 
for  dilution  is  ascertained,  as  above,  according  to  the  formula : 

n 

3.  The  solution  of  ammonio-ferric  alum  is  a  solution,  saturated  at 
ordinary  temperatures,  care  being  taken  to  insure  the  absence  of 
chlorides  in  the  salt,  which  may  be  effected,  if  necessary,  by  recrj^s- 
tallization. 

Method  as  applied  to  the  urine:  10  c.c.  of  urine  are  placed  in  a 
small  stoppered  flask  bearing  a  100  c.c.  mark,  diluted  with  50  c.c. 
of  distilled  water,  and  acidified  with  4  c.c.  of  nitric  acid.  From  a 
burette  15  c.c.  of  the  standard  solution  of  silver  nitrate  are  added. 
The  mixture  is  thoroughly  agitated  and  diluted  with  distilled  water 
to  the  100  c.c.  mark.  The  silver  chloride  formed,  is  filtered  off 
through  a  dry  folded  filter  into  a  dry  graduate  ;  80  c.c.  of  the  filtrate 
are  placed  in  a  beaker,  and,  after  the  addition  of  5  c.c.  of  the  am- 
monio-ferric alum  solution,  titrated  with  the  sulpho-cyanide  solution, 
until  the  end-reaction — /.  f.,  a  slightly  reddish  tinge — is  seen.  If 
necessary,  two  such  titrations  should  be  made,  the  sulpho-cyanide 
solution  being  added  1  c.c.  at  a  time  in  the  first,  while  in  the  second 
the  total  number  of  c.c.  needed  to  bring  about  the  end-reaction,  less 
1  c.c,  are  added  at  once,  and  then  one-tenth  of  a  c.c.  at  a  time. 

The  amount  of  chlorides  present  in  the  urine  is  calculated  as  fol- 
lows : 
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Example  :  Total  qoantitv  of  arine  <>00  cc;  6.5  c.c.  of  the  snlpbo- 
cranide  solation  were  required  to  bring  aboat  the  end-reactioD  in  80 
cjc.  of  the  filtrate  ;  this  woold  correspond  to  8.125  c.c.  for  the  total 
UK)  cc.  of  filtrate^  representing  10  c.c.  of  urine,  as  is  seen  from  the 
er|riation  : 

n:80::x:100,  80x=3lOOn,x=^°  =  'V', 

in  which  x  represents  the  nomber  of  c.c.  corresponding  to  100  c,c. 
of  the  filtrate^  and  n  the  nomber  of  c.c.  actoally  used. 

These  8.125  cc.  were  used  in  precipitating  the  silver  nitrate  not 
decompoeed  by  the  chlorides.  As  25  c.c.  of  the  sulpho-cyanide  so- 
lution correspond  to  10  cc  of  the  silver  solution,  the  excess  of  silver 
solution  in  cc  is  found  from  the  equation : 

25:10:  :N  :  x,  •^7X  =  10X,  x=   ":   =  "^  ' 

in  which  x  represents  the  excess  of  the  silver  solution  in  cc.^  N  that 
of  the  sulpho-cyanide  solution,  as  found  in  the  equation  above,  x  in 
this  case  being  3.25  cc 

The  difference  between  the  total  amount  of  silver  solution  employed 
(i.  €.,  15  cc)  and  the  excess  (i.  ^.,  3.25  cc)  indicates  the  number  of 
cc  necessary  for  the  precipitation  of  the  chlorides  in  10  cc  of  urine. 
In  the  case  under  consideration  11.75  cc  were  employed.  As  1  cc 
of  the  silver  solution  represents  0.01  gramme  of  sodium  chloride, 
there  must  have  l>een  present  in  the  10  cc  of  uriue  0.1 175  gramme  ; 
in  100  cc,  hence  1.175  grammes,  and  in  the  total  amount — i.  ^., 
600  cc  of  urine — 7.05  grammes. 

From  these  considerations  the  following  short  rule  results :  In- 
stead of  first  multiplying  the  number  of  c.c.  of  the  |X)tassiuni  sulpho- 
cyanide  solution,  corresponding  to  80  c.c.  of  the  filtrate  by  |^,  and 
the  result  by  \,  in  order  to  find  the  number  of  c.c.  of  the  {wtassium 
sulpho-cyanide  solution  rej)resenting  the  excess  of  silver  nitrate  in 
100  cc  of  the  filtrate,  and  then  deducting  the  result  from  15,  it  is 
simpler  to  multiply  by  \  directly  and  deduct  the  result  from  15,  the 
numlHT  of  grammes  of  sodium  chloride  contained  in  1,000  c.c.  of 
urine  being  thus  found.  This  figure  is  then  corrected  for  the  total 
amount  of  urine. 

Tlu;  iU(»thod  described  may  be  emj)l()yed  in  the  j)resence  of  albu- 
mins, albunioses,  and  sugar  ;  the  urine,  however,  must  be  fresh,  so  as 
to  insure  the  absence  of  nitrous  acid. 

Direct  Method. — If  absolute  accuracy  is  not  required,  the  fol- 
lowing method  may  be  employed : 

Ten  ce.  of  urine  are  diluted  with  distilleil  water  to  100  c.c.  and 
treated  with  a  few  drops  of  a  solution  of  potassium  ehromate.  This 
mixture  is  titrated  with  a  one-tenth  normal  solution  of  silver  nitrate 
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until  the  end-reaction  is  reached, — i.  e.,  a  faint  orange  tinge — which 
no  longer  disappears  on  stirring.  The  number  of  c.c.  used  multi- 
plied by  0.01  will  indicate  the  amount  of  chlorides  present  in  10  c.c^ 
of  urine. 

As  uric  acid,  the  xanthin  bases,  hyposulphites,  sulpho-cyanides, 
and  pigments  are  also  precipitated  by  the  silver  nitrate,  the  end- 
reaction  is  delayed  ;  moreover,  unless  the  urine  is  very  pale,  its 
recognition  may  be  difficult,  and  the  error  thus  caused  quite  consid- 
erable. This  is  especially  true  of  febrile  urines  which  contain  only 
a  small  amount  of  chlorides. 

Should  iodides  or  bromides  have  been  taken,  these  must  first  be 
removed,  as  the  iodide  and  bromide  of  silver,  which  are  insoluble  in 
nitric  acid,  would  give  too  high  a  value. 

To  this  end  the  following  method,  which  is  also  a  very  accurate 
one,  should  be  employed,  its  only  disadvantage  being  the  amount  of 
time  required. 

Estimation  of  the  Chlorides  after  Incineration  ( according  to 
Neubauer  and  Salkowski). — The  principle  of  this  method  is  the 
destruction  of  all  organic  material  and  the  subsequent  estimation  of 
the  chlorides  contained  in  the  mineral  ash,  by  one  of  the  methods 
described.  10  c.c.  of  urine  are  evaporated  to  dryness  in  a  platinum 
crucible  at  a  temperature  slightly  below  100°  C,  after  the  addition 
of  a  little  pure,  dried  carbonate  of  sodium  and  from  3  to  5  grammes  of 
potassium  nitrate.  The  addition  of  the  carbonate  of  sodium  insures  the 
conversion  of  any  ammonium  chloride  which  may  be  present  into 
sodium  chloride ;  the  potassium  nitrate  merely  acts  as  an  oxidizing 
agent.  The  residue  is  now  carefully  heated  at  a  moderate  tempera- 
ture, allowed  to  cool,  dissolved  in  distilled  water,  and  accurately 
neutralized  with  very  dilute  nitric  acid.  In  this  solution  the  chlo- 
rides are  estimated  most  conveniently  according  to  the  second 
metluKl. 

Should  iodides  or  bromides  be  present,  the  aqueous  solution  just 
referred  to  is  acidifi(»<l  with  hydrochloric  acid  and  the  iodine  and 
bromine  thereby  liberated  extracted  with  carbon  disulphide.  As 
<x)mplete  removal  of  these  bodies  is,  however,  only  possible  in  the 
presence  of  a  nitrite,  it  is  l>etter  not  to  rely  upon  the  presence  of  any 
that  may  have  been  formed  during  the  process  of  incineration,  but  to 
add  a  few  drops  of  a  solution  of  potassium  nitrite.  After  extraction 
the  nitrous  acid  is  decomposed  by  the  addition  of  a  little  urea.  The 
solution  is  tlien  neutnilizeil  with  sodium  carbonate ;  should  it  be  al- 
kaline, dilute  acetic  acid  is  added  until  neutral.  In  this  solution  the 
chlorides  are  most  conveniently  estimated  according  to  the  second 
method. 

Albumin  and  sugar,  if  present,  should  be  removed  before  the  ad- 
dition of  tlie  sodium  carbonate  and  potassium  nitrate,  so  as  to  obvi- 
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ate  losses  from  sputtering,  which  would  otherwise  occur.     Nitrous 
acid  must  also  be  removed  for  reasons  given  above. 

The  Phosphates. 

The  phosphates  occurring  in  the  urine  are  sodium,  potassium,  cal- 
cium, and  magnesium  salts  of  the  tribasic  acid  H^PO,.  The  most 
important  of  these,  as  was  pointed  out  in  the  chapter  on  Reaction, 
is  the  diacid  sodium  phosphate  XaH2P()^,  to  which  the  acidity  of 
the  urine  is  due.  It  is  owing  to  the  presence  of  this  salt  in  the 
urine  that  the  calcium  phosphate  is  held  in  solution  ;  the  fact,  at 
least,  that  calcium  and  magnesium  phosphates  are  thrown  down 
when  the  urine  is  neutralized,  would  point  to  this  conclusion. 

The  composition  of  the  phosphates  is  liable  to  considerable  varia- 
tion, depending  upon  the  degree  of  acidity  of  the  urine.  As  would 
be  expected,  diacid  sodium  phosphate  and  diacid  calcium  phosphate 
are  present  in  an  acid  urine  ;  in  an  amphoteric  urine,  in  addition  to 
these  there  are  found  disodium  phosphate,  mono-calcium  phosphate, 
and  mono-magnesium  phosphate,  while  in  an  alkaline  urine  trisodic 
phosphate,  neutral  calcium  phosphate,  and  neutral  magnesium  phos- 
phate may  be  present. 

The  alkaline  phosphates  normally  exceed  the  earthy  phosphates 
by  one-third,  and  sodium  is  combined  with  far  the  greater  amount 
of  phosphoric  acid,  the  potassium  salt  normally  occurring  in  only 
very  small  amounts. 

In  addition  to  the  mineral  phosphates,  phosphoric  acid  is  also  ex- 
creted in  combination  with  glycerin  as  glycerin-phosphoric  acid,  which 
need  not,  however,  be  considered  in  a  (quantitative  estimation,  as  it  is 
present  only  in  traces. 

As  in  tlic  case  of  the  chlorides  the  greater  portion  of  tlie  phos- 
phates is  derived  from  the  food,  while  only  a  small  portion  is  refer- 
able to  the  phosphorus  built  up  in  the  ])roteid  molecule,  be  this  in 
the  form  of  a  muscle-cell,  nerve-cell,  red  blood-corpuscle,  or  bone. 
But  just  as  the  percentage  of  sulphur  varies  in  the  different  tissues, 
so  also  does  that  of  phosphorus  vary  ;  nerve-tissue,  for  example, 
which  is  very  rich  in  lecithin  and  nucleins,  yields  relatively  more 
phosphorus  than  nuiscle-tissue. 

Not  all  the  phosphoric  acid  ingested,  however,  is  excreted  in  the 
urine,  as  one-third  to  one-fourth  of  the  total  <iuantity  is  eliminated 
in  the  feces. 

The  <juantity  of  phosphoric  acid  excreted,  which  normally  varies 
between  2.5  and  3  grammes,  is  thus  largely  dependent  upon  the 
amount  ingested,  increasing  with  an  animal  and  decreasing  with  a 
vegetable  diet.  During  starvation  a  considerable  increase  is  like- 
wise observed  referable,  no  doubt,  to  an  increased  destruction  of  bony 
tissue,  which  is  very  rich  in  the  phosphates  of  the  alkaline  earths. 
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In  accordance  with  this  view,  increased  amounts  of  calcium  and  mag- 
nesium are  also  seen  during  starvation.  The  relation  between  the 
excretion  of  phosphoric  acid  and  nitrogen,  normally  1:7,  changes, 
moreover,  in  such  a  manner  that  both  the  absolute  and  relative 
amount  of  phosphoric  acid,  as  compared  with  the  nitrogen,  increases ; 
this  leads  to  the  conclusion  that  in  addition  to  the  muscles  some  other 
tissue,  rich  in  phosphorus  and  relatively  poor  in  N,  must  suffer  dur- 
ing the  process,  and  the  only  one  which  could  enter  into  considera- 
tion is  bone. 

If  at  this  time  food  containing  phosphorus  is  again  given, 'a  re- 
tention will  take  place,  so  that  tlie  general  rule  given  in  the  chapter 
on  Chlorides,  that  increased  elimination  is  followed  by  a  certain  de- 
gree of  retention,  and  that  a  previous  retention  is  followed  by  an  in- 
creased elimination,  seems  to  hold  good  for  all  the  mineral  acids 
found  in  the  urine  (see  also  the  chapter  on  Sulphates).  An  increased 
elimination  is  also  caused  by  the  ingestion  of  large  quantities  of 
water,  which  is  followed  by  a  certain  degree  of  retention. 

Observations  on  the  phosphatic  excretion  during  muscular  exercise 
have  not  given  uniform  results.  Mental  exercise  appears  to  cause  a 
diminished  excretion  of  the  alkaline  phosphates  and  an  increased 
elimination  of  the  earthy  phosphates.  The  latter  also  takes  place 
during  sleep. 

The  factors  which  influence  the  character  of  the  individual  phos- 
phatic salts  have  been  considered  in  the  chapter  on  Reaction,  in 
which  this  has  been  shown  to  depend  upon  the  alkalinity  of  the 
blood,  and  ultimately  upon  the  quantity  of  acid  set  free  by  the  tissues, 
or  whicli  has  been  absorbed  during  the  process  of  digestion  ;  in- 
creased tissue-destruction,  of  course,  likewise  causes  an  increased 
elimination  of  phosphates. 

In  disease  the  total  amount  of  phosphates  may  either  be  increased 
or  diminished. 

A  diminished  elimination  is  observed  in  most  cases  of  acute  feb- 
rile disease,  sucli  as  pneumonia,  typhoid  fever,  typhus  fever,  re- 
curren.s,  during  a  paroxysm  of  intermittent  fever,  etc.  The  de- 
gree of  diminution  is  usually  proportionate  to  the  severity  of  the 
disease,  reaching  its  lowest  figure  as  death  approaches.  Such  a  state 
of  affairs  may,  at  first  sight,  appear  paradoxical,  in  view  of  what  has 
l>een  said  above  of  the  effects  of  tissue-destruction  upon  the  elimi- 
nation of  phosphates.  It  is  necessary,  however,  to  distinguish  sharply 
between  an  increased  production  and  an  increased  elimination ;  in 
all  probability  a  retention  occurs,  analogous  to  that  of  the  chlorides, 
which  may  be  observed  under  the  same  conditions.  It  has  been  sup- 
posed tliat  the  phosphates  set  free  during  the  process  of  tissue-de- 
struction are  utilized  in  the  building  up  of  new  leucocytes,  and  an  in- 
crease in  these  is  actually  noted  in  some  of  the  diseases  mentioned. 
20 
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A  diminished  excretion  of  phosphates  is,  however,  not  always  ob- 
served, and  an  increased  elimination  may  occur  in  certain  cases.  In 
fatal  cases  this  condition  may  even  persist  until  the  time  of  death. 
It  is  very  difficult  to  give  a  satisfactory  explanation  of  this  fact  at 
the  present  time.  The  phenomenon,  in  typhoid  fever  at  least,  ap- 
pears to  be  connected  with  the  intensity  of  the  nervous  manifesta- 
tions, and  Robin  concludes  that  here  an  increased  elimination  during 
the  fastigium  is  an  unfavorable  omen,  while  an  increase  during 
defervescence  warrants  a  favorable  prognosis.  A  similar  decrease  in 
the  phosphates  has  also  been  observed  in  pulmonary-  phthisis,  associ- 
ated with  high  fever. 

Verj'  interesting  and  important  is  the  diminished  excretion   of 
phosphates  associated  with  acute  and,   to  some  extent  also,   with 
chronic  nephritis,  amyloid  degeneration  of  the  kidneys,    and    the 
ansemias,  in  which  an  actual  insufficiency  on  the  part  of  the  kidneys 
in  the  elimination  of  these  salts  appears  to  exist. 

A  diminished,  or,  at  least,  no  increased  excretion  is  seen  in  certain 
diseases  of  the  bones,  such  as  osteomalacia,  although  an  increase  in 
the  earthy  phosphates  has  been  noted.  This  may  either  depend 
upon  a  retention  or  an  elimination  through  other  channels.  The 
earthy  phosphates  especially  are  found  in  greatly  diminished  amount, 
or  may  even  be  absent  altogether  in  certain  cases  of  nephritis.  A 
similar  condition  is  observed  in  acute  and  chronic  rheumatism. 

During  attacks  of  hysteria  major,  in  contradistinction  to  epilepsy, 
in  which  an  increased  elimination  takes  place,  the  phosphates  are 
diminished,  the  degree  of  diminution  being  generally  proportionate 
to  the  intensity  of  the  attack,  increasing  again  together  with  the  other 
urinary  constituents  with  the  subsequent  increase  in  the  diuresis. 
The  data  regarding  the  phosphatic  elimination  in  nervous  and  men- 
tal diseases  are,  on  the  whole,  very  scanty  and  by  no  means  uniform. 
In  chronic  lead-poisoning  a  diminution  to  one-third  of  the  normal 
quantity  may  occur.  -Very  low  figures  have  been  noted  in  Addi- 
son's disease,  in  acute  yellow  atrophy,  in  which  a  total  absence  may 
even  occur,  and  in  certain  cases  of  hepatic  cirrhosis. 

An  increxvicd  elimination  of  phosphates,  on  the  other  hand,  amount- 
ing in  some  cases  to  7  or  even  to  \)  grannnes  in  the  twenty-four 
hours,  has  been  describcil  under  the  name  of  phosphatic  diabetes,  the 
patient  presenting  various  symptoms  commonly  seen  in  diabetes 
mellitus ;  sugar,  however,  is  usually  absent.  Whether  or  not  phos- 
phatic dial>etes  is  a  disease  sui  f/cneris  is  not  certain. 

In  true  diabetes  mellitus  a  curious  relation  has  been  found  to  exist 
between  the  elimination  of  sugar  and  of  phosphates,  the  quantity  of 
the  latter  rising  and  falling  in  an  inverse  ratio  to  the  amount  of 
sugar.     In  diabetes  insipidus  a  slight  increase  is  at  times  found. 

Corresponding  to  the  phosphatic  retention  observed  in  acute  febrile 
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diseases  an  increased  elimination  is  noted  during  convalescence.  In 
cerebro-spinal  meningitis,  an  increase  occurs  in  the  course  of  the 
disease. 

Recently  an  increase  to  7  grammes  was  noted  in  a  case  of  pseudo- 
leuksemia,  in  which  the  number  of  red  corpuscles  fell  from  2,200,000 
to  800,000  in  four  days,  and  in  which,  to  judge  from  the  very  care- 
ful observations  made,  there  could  be  no  doubt  that  the  high  degree 
of  j)hosphaturia,  which  was  limited  to  the  alkaline  phosphates,  was 
referable  to  this  source.  In  leukaemia  also  an  increase  to  7  grammes 
has  been  observed  on  the  day  preceding  death  ;  commonly,  however, 
the  increase  is  but  sb'ght  in  this  disease. 

While  it  is  apparent  that  important  conclusions  cannot  be  drawn, 
on  the  whole,  from  a  knowledge  of  the  absolute  phosphatic  elimina- 
tion, unless  it  be  from  a  study  of  the  relation  existing  between  the 
excretion  of  the  alkaline  and  earthy  phosphates,  a  study  of  the  rela- 
tive phoHphatie  excretion  seems  to  promise  more  valuable  results. 
According  to  Ziilzer,  a  definite  amount  of  the  phosphates  and  of  the 
nitrogen  is  referable  to  the  destruction  of  albuminous  material,  so 
that  the  relation  between  the  phosphoric  acid  and  the  nitrogen  must 
be  a  constant  one.  Another  portion,  however,  is  derived  from  leci- 
thin, one  of  the  most  important  constituents  of  nerve-tissue,  which 
contains  more  phosphorus  than  the  albuminous  molecule.  When- 
ever, then,  the  lecithin-containing  tissues  are  more  involved  in  the 
general  metabolism  than  under  normal  conditions,  the  relation  will 
no  longer  be  a  stable  one. 

This  relation  which  exists  between  the  elimination  of  nitrogen 
and  phosphoric  acid  has  been  termed  the  Relative  Value  of  phosphoric 
cid. 

The  relative  value  of  phosphoric  acid  in  the  urine  has  been  calcu- 
lated, as  varying  from  1 7  to  20,  that  of  the  blood  being  3,  of  muscle- 
tissue  12.1,  of  brain  44,  of  bone  426  to  430.  This  value  supposes 
the  absolute  value  to  vary  between  2  and  3  grammes  pro  die.  It  is 
found  according  to  the  following  equation  : 

N  :  P2O5  :  :  100  :  X,  and  X  =  ^^  '^2% 

in  which  N  indicates  the  amount  of  nitrogen  actually  observed, 
PjOg  the  amount  of  phosphoric  acid  in  the  same  specimen  of  urine, 
and  X  the  amount  of  PjO^  corresponding  to  100  grammes  of  N. 
By  observing  this  relative  value  a  much  better  idea  may  be  formed 
of  the  processes  taking  place  in  the  body  in  disease  than  from  a  mere 
expression  of  the  absolute  phosphatic  value. 

In  acute  febrile  diseases  the  relative,  as  well  as  the  absolute  diminu- 
tion of  the  phosphates  has  been  ascribed  to  a  retention,  they  being 
possibly  utilized  in  the  building  up  of  white  blood-corpuscles.     In 
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the  course  of  these  diseases  oscillations  in  the  relative  value  are  fre- 
quently ol)served ;  during  convalescence  the  relative,  as  well  as  the 
absolute  value  again  rises. 

In  accordance  with  these  considerations  a  diminished  relative  ex- 
cretion of  phosphoric  acid  should  be  expected  in  all  cases  associated 
with  a  notable  elimination  of  leucocytes  through  other  channels,  as  in 
pneumonia,  for  example,  or  a  storing  away  of  the  same,  as  in  cases 
of  empyema.     The  facts  observed  are  in  accord  with  this  view. 

A  relative  decrease  has  further  been  noted  in  the  various  forms  of 
anaemia,  conditions  of  cerebral  excitation,  and  especially  preceding 
an  attack  of  epilepsy.  In  progressive  paralysis,  following  syphilis, 
the  relative  value,  at  first  low,  rises  greatly  after  the  administration 
of  potassium  io<lide,  while  the  excretion  of  the  earthy  phosphates  is 
lessened.  In  chronic  cerebral  affections,  delirium  tremens,  and  acute 
hydrocephalus  a  relative  decrease  has  been  noted.  In  mania,  during 
the  period  of  excitement,  both  the  alkaline  and  earthy  phosphates 
are  found  increased,  while  during  the  stage  of  depression,  as  also  in 
melancholia,  the  alkaline  phosphates  are  diminished  and  the  earthy 
phosphates  increased.  On  the  other  hand,  an  increase  in  the  relativ^e 
value  has  been  noted  in  apoplexy  (amounting  to  34.3  in  one  case,  two 
days  after  an  attack),  brain  tumors,  tabes,  arthritis  deformans  (30), 
pernicious  aniemia  (23.8-58),  etc. 

Of  drugs  bromides  appear  to  diminish  the  absolute  amount  of  phos- 
phoric acid.  Cocaine  and  quinine  cause  a  decrease,  and  salicylic  acid 
an  increase.  A  relative  decrease  is  produced  by  the  cerebral  excit- 
ants, such  as  strychnine,  small  doses  of  alcohol,  phosphorus,  valerian, 
cold  baths,  salt-water  baths,  etc.  An  opj)Osite  effect  is  produced  by 
the  cerebral  depressants,  such  as  chloroform,  niorphin,  chloml,  large 
doses  of  alcohol,  potassium  bromide,  mineral  and  vegetable  acids, 
prolonged  cold  baths,  Turkish  baths,  low  temperature,  etc. 

As  is  apparent  from  the  data  given,  our  knowlwlge  concerning  the 
excretion  of  phosphoric  acid  is  as  yet  very  limited,  and  the  causes 
producing  variations  in  its  amount  very  obscure.  It  is  quite  ap- 
parent, neverthc^less,  that  a  detailed  study,  especially  of  the  relative 
excretion  of  phosphoric  acid,  would,  in  all  probability,  lead  to  highly 
important  results,  and  jx?rmit  an  insight  into  the  metabolism  of  the 
individual  body-tissues,  as  it  were.  In  this  connection  the  observa- 
tions  of  Edlefsen,  on  the  relation  existing  between  the  destruction  of 
leucocytes  and  the  excretion  of  P^Or,,  deserve  especial  mention. 

Practical  data  as  to  diagnosis  and  treatment,  however,  can  not  yet 
be  formulated. 

Tests  for  the  Phosphates  in  the  Urine. — The  test  for  the  detec- 
tion of  the  phosphates,  occurring  in  the  urine,  depends  upon  the  pre- 
cipitation of  phosphoric  acid  by  means  of  ferric  chloride,  as  ferric  phos- 
phate, which  is  insoluble  in  cold  acetic  acid,  according  to  the  equation  : 
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2NaHjP0,  +  Fe^Cl^  =  Fe^{  PO4),  +  2NaCl  -f-  4HC1, 
2Na,HP04  +  Fe,CIe  =  Fe,(P0,)2  +  4Xaa  -f  2HC1. 

The  same  result  may  be  accomplished  by  the  addition  of  a  solution 
of  uranyl  nitrate ;  this  gives  rise  to  the  formation  of  uranyl  phos- 
phate, which  is  also  insoluble  in  acetic  acid  : 

Na,HPO,  +  2U0.N0,=:  2NaN05  +  (UOj.HPO^, 

Na,HP04  -f  UO.  NO,  =  NaNO,  +  UO.  HjPO^. 

Test. — A  few  c.c.  of  urine  are  acidified  with  a  few  drops  of  acetic 
acid,  and  treated  with  a  few  drops  of  a  solution  of  ferric  chloride 
(one  part  of  the  officinal  solution  to  ten  parts  of  water),  when  the 
occurrence  of  a  yellowish-white  precipitate  will  indicate  the  pres- 
ence of  phosphates. 

If  a  solution  containing  an  acid  phosphate  of  the  alkalies  is  treated 
with  an  alkaline  hydrate,  the  diacid  alkaline  phosphate  is  trans- 
formed into  the  monacid  salt,  according  to  the  equation  : 

NaHjPO^  +  NH4OH  =  NaNH^HPO,  +  H,0. 

This  is  further  changed  into  the  normal  salt,  as  represented  : 

3NaNH,HP0,  +  NH^H  =  NajPO^  -f  (NHJjtPO^)^  +  H^O. 

As  the  monacid  and  neutral  salts  are  both  readily  soluble,  the 
solution  remains  clear.  If  at  the  same  time^  as  in  the  urine,  a 
soluble  diacid  phosphate  of  the  alkaline  earths  is  present,  this  is 
likewise  transformed  into  the  monacid  and  finally  into  the  neutral 
salt ;  tlie  latter,  however,  being  insoluble,  is  thrown  down  : 

I.  Ca(  H2PO,  \  +  4NH,0H  =  Ca( NH, )2(P0, ),  +  4H2O. 
11.  3Ca(NHJa(PO,)2  =  Ca3(PO,)2  +  2(NH,),P0,. 

Test  for  the  Earthy  PnasPHATES. — 10  c.c.  of  urine  are  ren- 
dered alkaline  with  ammonia,  when  the  occurrence  of  a  flocculent 
precipitate  will  indicate  their  presence. 

Test  for  the  Alkaline  Phosphates. — After  having  removed 
the  earthy  phosphates  from  10  c.c.  of  urine,  as  just  described,  the 
clear  filtrate  is  acidified  with  acetic  acid  and  tested  with  ferric  chlo- 
ride, or  uranyl  nitrate,  as  shown  above. 

The  alkaline  phosphates  may  also  be  detected  by  treating  the 
ammouiacal  filtrate  with  a  few  drops  of  magnema  mixture  (1  part 
of  crystallized  magnesium  sulphate,  2  parts  of  ammonium  chloride, 
4  parts  of  ammonium  hydrate,  and  8  parts  of  distilled  water),  when 
ammonio-magnesium  phosphate,  which  is  almost  insoluble  in  ammo- 
nium hydrate,  will  be  thrown  down.  The  reaction  takes  place  be- 
tween the  monacid  or  neutral  sodium  phospliate  and  the  magnesium 
sulphate,  according  to  the  equation  : 

Na^nPO^  +  MgSO,  -f  NH^OH  +  NH^Cl  =  MgNH,PO,  +  NH^Cl  +Na^4  +  H^O. 
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Qiumtitatiye  Estimation  of  the  Total  Amount  of  Phosphates. 

Principle. — When  a  solution  of  disodium  phosphate,  acidified  with 
acetic  acid,  is  treated  with  a  solution  of  uranyl  nitrate,  or  uranyl 
acetate,  a  dirty-looking,  white  precipitate  of  uranyl  phosphate  is 
thrown  down,  which  is  formed  according  to  the  equation  given 
above.  It  is  apparent  that  the  quantity  of  phosphoric  acid  can  be 
estimated  accurately,  if  the  solution  of  uranyl  nitrate  or  acetate  is  of 
known  strength. 
Solutions  required  : 

1.  A  solution  of  uranium  nitrate  of  such  strength  that  20  c.c. 
shall  correspond  to  0.1  gramme  of  PjO^. 

2.  A  solution  containing  acetate  of  sodium  and  acetic  acid. 

3.  Tincture  of  cochineal. 
Preparation  of  these  solutions  : 
1.  From  the  equation  : 

2UO.NO3  +  Xa^HPO^  =  (U0),HP04  +  2NaN0, 

it  is  apparent  that  2  molecules  of  uranium  nitrate  combine  with  one 
molecule  of  disodium  phosphate  to  form  uranium  phosphate  and  so- 
dium nitrate.  The  molecular  weight  of  uranium  nitrate  being  318 
and  that  of  disodium  phosphate  142,  it  is  seen  that  036  parts  by 
weight  of  the  former  combine  with  142  parts  by  weight  of  the 
latter. 

As  20  c.c.  of  the  solution  of  uranium  nitrate  shall  correspond  to  0.1 
gramme  of  PjO^,  1,000  c.c.  must  be  equivalent  to  5  grammes  of  PgO^. 
In  142  parts  by  weight  of  disodium  phosphate  there  would  be  present 
71  grammes  of  P^O,^,  equivalent  to  636  parts  by  weight  of  uranium 
nitrate.  The  quantity  of  the  latter,  then,  to  be  dissolved  in  1,000 
c.c.  of  water  will  be  found  from  the  equation  :  636  :  71  :  :  x  :  5  ; 
and  X  =  44.78. 

44.78  grammes  of  uranium  nitrate  are  weighed  oflT  and  dis- 
solved in  about  900  c.c.  of  water,  the  solution  being  purposely  made 
too  strong  for  reasons  iK)inted  out  in  the  chapter  on  Chlorides.  In 
order  to  bring  this  solution  to  its  projKT  strength  it  is  necessary  to 
titrate  with  the  uranium  solution  a  solution  of  disodium  phosphate, 
of  such  strength  that  every  50  c.c.  shall  contain  0.1  gramme  of  PgO^, 
or  1 ,000  c.c.  5  grammes.  The  molecular  weight  of  Xa.^HPO^  + 
I2H2O  being  358,  this  amount  in  grammes  is  ecjuivalent  to  179 
grammes  of  PjO,^ ;  the  quantity  of  ^f)^  corresponding  to  5  grammes, 
in  terms  of  Xa^HPO^  -|-  r2H^O,  is  found  from  the  equation  :  358  : 
179  :  :  X  :  5  ;  and  x  =  10.  Ten  grammes  of  pure,  dry,  and  non- 
deliquescent  Na^jHPO^  are  therefore  dissolved  in  1,000  c.c.  of  dis- 
tilled water.  If  non-deliquescent  disodium  phosphate  is  not  at 
hand,  about  12  grammes  of  the  salt  are  dissolved  in  1,000  c.c.  of 
distilled  water ;  of  this  solution  50  c.c.  are  evaporated  in  a  weighed 
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platinum  dish,  and  the  residue  gently  heated,  the  disodium  phosphate 
being  thereby  transformed  into  sodium  pyro-phosphate,  Na^PgO^, 
according  to  the  equation  : 

The  molecular  weight  of  Xa^PjO^  l)eing  266,  this  corresponds  to  142 
grammes  of  PjO^. 

If  the  solution  is  of  the  correct  strength — i.  ^.,  containing  0.1 
gramme  of  PjO^  in  50  c.c.  of  water, — the  residue  should  weigh  0.1873 
gramme,  as  is  seen  from  the  equation  :  132  :  266  :  :  0.1  :  x  ;  and  x  = 
0.1873.  Supposing,  however,  that  the  residue  weighs  0.1921  gramme, 
it  is  manifest  that  the  solution  is  too  strong,  and  must  be  diluted, 
the  degree  of  dilution  being  ascertained  according  to  the  equation  : 
0.1,873  :  1,000  :  :  10.921  :  x;  and  x  =  1,025;  L  e.,  1,000  c.c.  of 
the  solution  must  be  diluted  to  1,025  c.c.  to  make  it  of  the  proper 
strength. 

In  the  case  given  50  c.c.  were  used  ;  the  950  c.c.  are  then  diluted 
with  the  amount  of  water  found  from  the  equation  :  1,000  : 1,025 : : 
950  :  X  ;  and  x  =  953.75.  Having  thus  obtained  a  solution  of  diso- 
dium phosphate  of  such  strength  that  every  50  c.c.  shall  contain  0.1 
gramme  of  Pg^^,  this  is  titrated  with  the  uranium  solution  which 
has  been  made  too  strong,  in  order  to  determine  the  amount  of  water 
that  must  be  added  to  the  latter.  To  this  end  a  burette  is  filled 
with  the  uranium  solution  ;  50  c.c.  of  the  disodium  phosphate  solu- 
tion are  treated  with  a  few  drops  of  the  tincture  of  cochineal  and 
5  c.c.  of  the  acetic-acid  mixture  (see  below).  This  mixture  is  heated 
in  a  beaker  and,  as  soon  as  the  boiling-point  has  been  reached, 
titrated  with  the  uranium  solution,  until  a  trace  of  a  greenish  color  is 
noticed  in  the  precipitate  which  does  not  disappear  on  stirring.  This 
point  having  been  accurately  determined  by  means  of  a  second  titra- 
tion, the  number  of  c.c.  of  distilled  water  with  which  the  remaining 
solution  must  be  diluted  is  determined  according  to  the  formula : 

N.d   .  . 

C  =  "    -  ,  in  which  C  represents  the  number  of  c.c.  which  must  be 

added,  N  the  number  of  c.c.  remaining  after  the  test-titration,  n  the 
number  of  c.c.  consumed  in  one  titration  to  bring  about  the  end- 
reaction,  and  d  the  diflference  between  the  number  of  c.c.  used  in  one 
titration  and  that  theoretically  required.  The  amount  of  distilled 
water  necessary  for  dilution  is  now  added  and  the  solution  again 
tested,  when  20  c.c.  will  correspond  to  0.1  gramme  of  PjO^. 

2.  The  acetic-acid  mixture  consists  of  about  100  grammes  of 
acetate  of  sodium,  dissolved  in  distilled  water,  and  100  c.c.  of  a  30- 
per-cent.  solution  of  acetic  acid,  the  whole  being  diluted  to  1,000 
c.c. 

3.  Tincture  of  cochineal.     This  may  be  prepared  as  follows :  A 
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few  grammes  of  oochineal  granules  are  digested  at  ordinary  tempera- 
tures \s\i\i  250  c.c.  of  a  mixture  of  3  volumes  of  water  and  1  volume 
of  94-per-cent.  alcohol.  The  solution  is  then  decanted  and  ready 
for  use.  The  residue  may  be  utilized  in  the  preparation  of  a  fresh 
supply  of  the  tincture. 

•  Application  to  the  Urine. — 5<>  c.c.  of  clear,  filtered  urine  are  treated 
with  5  c.c.  of  the  acetic-acid  mixture,  the  object  being  to  transform 
any  monacid  sodium  phosphate  present  into  diacid  sodium  phosphate, 
and  to  neutralize  any  nitric  acid  that  may  be  formed  during  the 
titration,  as  otherwise  the  nitric  acid  would  cause  a  j>artial  solution 
of  the  precipitated  uranyl  phosphate.  A  few  drops  of  the  tincture 
of  oochineal  are  added,  when  the  mixture  is  heated  to  the  boiling- 
point,  and  titrated  as  described  above ;  two  titrations  are  usually 
required. 

The  results  are  then  calculated  as  follows:  Supj)osing  15  c.c.  of 
the  uranium  solution  to  have  been  used,  the  corresjx)nding  amount  of 
PgOj  in  50  c.c.  of  urine  is  found  from  the  equation  :  20  :  0.1  :  :  15  :  x  ; 
and  X  =  0.075.  The  percentage-amount  would,  hence,  be  0.075  x 
2  =  0.15.  Supposing  the  total  amount  of  urine  to  have  been  2,000 
c.c,  the  elimination  of  PjO^  would  correspond  to  3  grammes. 

The  presence  of  sugar  and  albumin  does  not  interfere  with  the 
method. 

Separate  Estimation  of  the  Earthy  and  Alkaline  Phosphates. 

— If  the  alkaline  and  earthy  phosphates  are  to  be  determined  sepa- 
rately, the  total  amount  of  P.^O^  is  estimated  in  one  ix)rtion  of  the 
urine,  while  the  PjO^  in  combination  with  the  alkaline  earths  is  de- 
termined in  another,  as  follows  : 

Two  hundred  c.c.  of  filtered  urine  are  made  strongly  alkaline  with 
ammonium  hydrate  and  set  aside,  covered,  for  several  hours,  when 
the  earthy  phosphates,  thus  precipitated,  arc  collected  on  a  filter, 
washed  with  dilute  ammonia  (1  :  3),  and  then  transferred  to  a  l>eaker, 
with  the  aid  of  a  little  water,  containing  a  few  drops  of  acetic  acid, 
by  j)erforating  the  filter.  They  are  then  dissolved  with  as  little 
acetic  acid  as  possible,  diluted  to  50  c.c.  with  distilled  water,  and 
titrated  with  the  uranium  solution,  as  described.  The  difference  l^e- 
tween  the  total  amount  of  P.,0,  and  the  amount  thus  obtained  indi- 
cates  the  qnantity  of  alkaline  ])liosj)liates  present. 

Removal  of  the  Phosphates  from  the  Urine. — Whenever  it  is 

necessary  to  remove  the  phosphates  from  the  urine,  in  the  course  of 
an  analysis,  as  is  fre(|nently  the  case,  the  urine  is  rendered  alkaline 
by  the  addition  of  the  hydrate  of  an  alkaline  earth  and  precipitated 
with  a  soluble  calcium  or  barium  siilt.  The  phosphates  may  also  be 
precnpitattnl  by  means  of  neutral  or  basic  acetate  of  lead,  in  which 
case  the  excess  of  lead  is  removed  by  means  of  sul})luiretted  hydrogen 
or  dilute  sulphuric  acid. 
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The  Sulphates. 

The  sulphuric  acid  found  in  the  urine  is  derived  essentially  from 
the  albuminous  material  which  is  constantly  broken  down  in  the  body, 
a  very  small  portion  only  of  the  inorganic  sulphates  being  referable 
to  the  mineral  constituents  of  the  food.  As  was  pointed  out  in  the 
chapter  on  Reaction,  sulphuric  acid  is  constantly  produced  in  the 
lK)dy,  and,  coming  into  contact  with  the  so-called  neutral  phosphates 
present  in  almost  all  the  tissues,  transforms  these  into  acid  phos- 
phates, according  to  the  equation  : 

l)oth  appearing  in  the  urine.  The  alkaline  carbonates,  which  are 
derived  from  the  organic  salts  ingested,  by  a  process  of  oxidation, 
are  also  attacked  by  the  sulphuric  acid. 

As  the  amount  of  food  ingested  is  gradually  diminished  a  point  is 
reached  where  tlie  body  most  tenaciously  holds  any  alkaline  salts  that 
may  still  be  present.  A  new  source  for  the  neutralization  of  the 
acid  is  then  found  in  the  ammonia,  which  would  otherwise  have 
been  transformed  into  urea. 

While  the  greater  portion  of  the  sulphuric  acid,  excreted  in  the 
urine,  is  found  in  the  form  of  mineral  sulphates,  about  one-tenth  of 
the  total  amount  may  be  shown  to  be  in  combination  with  aromatic 
substances  belonging  to  the  oxy-group ;  most  important  among  these 
are  the  salts  of  phenol,  indoxyl,  and  skatoxyl. 

Indoxyl  and  skatoxyl,  as  will  be  shown  later  on,  are  derived  from 
indol  and  skatol,  which,  together  with  phenol,  are  formed  during 
the  process  of  intestinal  putrefaction.  Their  amount  increases  and 
decreases  with  the  degree  of  putrefaction,  and  hence  serves  as  a  direct 
index  of  its  intensity. 

The  mineral  sulphates  have  been  termed  preformed  sulphates,  in 
contradistinction  to  the  others,  which  are  known  as  conjugate  or 
ethereal  sulphates.  In  the  following  pages  the  former  w^ll  be  desig- 
nated by  the  letter  A,  the  conjugate  sulpliates  by  the  letter  B,  and 
the  total  sulphates  as  A  +  B. 

The  amount  of  A  +  B,  excreted  in  the  twenty-four  hours  by  a 
normal  individual,  varies  between  2  and  3  grammes,  the  ratio  of  A 
to  B  being  as  10  : 1. 

From  \vhat  has  l)een  said  it  is  apparent,  that  the  elimination  of 
sulphates  is  largely  dependent  upon  the  degree  of  albuminous  de- 
composition taking  place  in  the  tissues  and  fluids  of  the  body,  and 
hence  to  a  certain  extent  upon  the  quantity  of  proteid  material  in- 
gested, the  mineral  sulphates  occurring  in  such  small  amount  in  the 
food,  as  scarcely  to  affect  the  quantity  excreted.  Secondarily,  the 
degree  of  intestinal  putrefaction  plays  a  rdle.  The  excretion  of  A 
+  B  is  thus  increased  by  a  diet  rich  in  animal  proteids;  the  time 
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after  a  meal,  bovever.  at  vidcii  ^ocfa  an  meresMae  caa  be  deiDonstrated 
varies  ^reatlr.  depeodizk^  essentiallr  npn«i  tbe  dnte  neoeasary  for  di- 
gestion. With  a  vegetable  diet.  «:<i  the  c^^tber  band,  tbe  total  sul- 
phates will  lie  frjoDd  diminisbed.  Ihuizk;?  starratioo  A  -{>  B  is,  of 
ocMirse,  also  dimini^bed.  this  dimlDotk^n  afEectiiisr  A  e:^pecially ;  but 
in  some  case*  B  maT  be  oc»i»defablv  incrteased. 

Our  pre<?ent  knowledge  regarding  tbe  eicredoo  of  sulphates  is 
very  meagre,  a*  mav  be  seen  frc»m  tbe  following  dita :  An  increase 
in  the  elimination  of  the  t^jtal  sulphate^*  is  observed,  as  would  be 
anticipated,  in  all  cases  in  which  an  increased  tissue-destruction  is 
taking  place,  as  in  the  acute  febrile  diseases.  It  must  be  remem- 
bered, however,  that  liere  the  quantity  excreted  is  not  always  greater 
than  during  convalescence,  the  diet  remainii^  the  same.  Here,  as 
elsewhere,  in  urinary  studies,  it  is  necessary  to  distinguish  between  a 
relative  increase  and  an  absolute  decrease.  In  pneumonia  and  acute 
myelitis  the  highest  figures  have  been  observed,  the  increased  elimi- 
nation during  the  febrile  period  being  especially  marked : 

Ferer  'iiet.  Fall  diet. 


Fever.  No  fever.  No  fever. 

Pneumonia  ....     3.51  g.  1.47  jj.  2.25  g. 

Acate  myelitiH  .     2.62  g.  1.52  g.  2.33  g. 

During  convalescence  the  excretion  of  the  sulphates  is  diminished, 
a  retention  analogous  to  that  of  the  chlorides  and  phosphates  taking^ 
place.  In  contradistinction  to  the  latter  salts,  it  is  in  all  probability 
not  the  mineral  matter  proper  that  is  demanded  by  the  Ixxly,  but  the 
Hulphur-contiiining  albuminous  material. 

A  considerable  elimination  of  A  -f  B  has  also  been  observed  in 
leukwmia,  in  which  an  average  of  2.4G  grammes  is  excreted,  as  com- 
pared with  1..">1  grammes  by  a  healthy  individual,  receiving  the  same 
amount  and  kind  of  food.  In  one  case  of  acute  leukiemia  5.8 
grammes  were  eliminated  on  the  day  preceding  death.  In  diabetes 
mellitUH,  diabetes  insipidus,  oesophageal  carcinoma,  progressive  mus- 
cular atrophy,  j)seudo-hypertr()phic  paralysis,  and  eczema  an  increased 
(elimination  has  likewise  been  observed,  while  in  chronic  renal  dis- 
caHCH  a  diminished  excreticm  is  the  rule. 

A  study  of  the  elimination  of  the  conjnfjdtc  sn/phatcs  and  of  the 
relation  existing  between  A  and  H,  in  disease,  is  still  more  important 
than  that  of  the  total  sulphates  ;  but  in  both  cases  the  data  available 
at  the  present  time  are  very  scanty,  and  further  ol)servations  are 
urgtmtly  needed. 

The  conjugate  sulj)hates,  as  would  be  expected,  are  increased  in 
all  ca«e8  of  increased  intestinal  putrefaction.  In  coprostasis,  the 
n^Hult  of  carcinoma,  the  ratio  of  the  preformed  to  the  conjugate  sul- 
phatOH,  normally  10,  may  diminish  enormously.    In  one  case,  reported 
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by  Kast  aad  Baas^  it  fell  to  2,  but  rose  to  7  and  8,  and  finally  to  9.5 
and  15  after  an  artificial  anus  had  been  established.  I  have  myself 
observed  a  drop  to  1.5  in  a  case  of  volvulus  of  ten  days'  standing. 
Biernacki  found  an  increase  in  the  elimination  of  conjugate  sulphates 
amounting  to  from  0.15  to  0.5  gramme  pro  die,  in  cases  of  chronic 
parenchymatous  nephritis,  going  hand  in  hand,  apparently,  with  a 
decrease  in  the  secretion  of  hydrochloric  acid  by  the  stomach ;  the 
normal  amount,  according  to  his  observations,  varies  from  0.1973  to 
0.2227  gramme.  In  one  case  B  fell  from  0.4382  to  0.1505  during 
the  administration  of  hydrochloric  acid,  to  increase  again  to  0.4127 
upon  its  discontinuance. 

In  accord  with  these  observations  are  those  of  Wasbutzki  and 
Kast.  The  former  found  an  increased  elimination  of  B  in  cases  of 
intense  bacterial  fermentation  taking  place  in  the  stomach,  while 
hydrochloric  acid  was  either  totally  absent  or  present  in  greatly 
diminished  amount.  A  diminished  elimination  was  observed  in  cases 
of  intense  torular  fermentation,  hyperchlorhydria  existing  at  the 
same  time.  In  the  absence  of  hydrochloric  acid,  a  normal  or  even 
a  slightly  diminished  amount  was  observed  in  cases  of  intense  acid 
fermentation,  lactic  acid  and  butyric  acid  being  present  in  large 
quantities. 

By  neutralizing  the  gastric  juice  with  large  doses  of  sodium  bicar- 
bonate Kast  was  able  to  bring  about  a  marked  increase  in  the  elim- 
ination of  B,  the  ratio  A  :  B  having  fallen  from  10.3-16.1  to  2.9-6.1. 

Personal  observations  have  led  me  to  the  same  conclusion,  so  that 
the  following  rules  may  be  formulated : 

1.  A  diminution  in  the  secretion  of  hydrochloric  acid  is  accom- 
panied by  an  increased  degree  of  intestinal  putrefaction. 

2.  An  increase  in  the  secretion  of  hydrochloric  acid  is  usually 
accompanied  by  a  decrease  in  the  degree  of  intestinal  putrefaction. 

3.  The  degree  of  intestinal  putrefaction  may  be  measured  directly 
by  the  elimination  of  the  conjugate  sulphates. 

(See  also  the  chapter  on  the  Aromatic  Bodies.) 

In  obstructive  jaundice  the  excretion  of  B  was  likewise  found  to 
be  increased,  returning  to  the  normal  as  soon  as  the  permeability 
of  the  biliar}'  passages  had  again  become  established.  The  total 
sulphates  were  found  in  diminished  amount  in  cases  of  non-obstruc- 
tive jaundice. 

In  cases  of  diarrhoea  A  -|-  B,  as  well  as  B,  is  diminished,  while 
A  :  B  is  increased. 

Of  drugs,  large  doses  of  morphin,  potassium  bromide,  sodium 
salicylate,  and  antifebrin  appear  to  cause  an  increased  elimination  of 
the  t<^)tal  sulphates,  while  alcohol  slightly  diminishes  the  excretion. 

Most  imjx)rtant  are  the  observations  which  have  established  a 
diminished  excretion  of  the  conjugate  sulphates,  following  the  inges- 
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tion  of  the  terpenes  and  camphor,  Karlsbad  and  Marienbad  vrater, 
which  latter  two,  however,  at  first  cause  an  increase.  Kefir,  in 
doses  of  from  1  to  1.5  litres  pro  die,  has  proved  a  most  excellent 
remedy  with  which  to  check  intestinal  putrefaction.  Injections  of 
tannic  acid  and  of  a  saturated  solution  of  boric  acid  apparently  pro- 
duce but  little  effect,  unless  the  dose  is  so  large  as  to  cause  symp- 
toms of  poisoning. 

The  points  of  practical  interest  in  connection  with  the  elimina- 
tion of  the  sulphates  may  be  summarized  as  follows,  and  centre  in 
the  elimination  of  the  conjugate  sulphates : 

1.  An  increase  in  the  conjugate  sulphates  in  a  general  way  points 
to  increased  intestinal  putrefaction.  The  direct  cause  of  this  must, 
according  to  our  present  knowledge,  be  sought  in  a  total  anachlor- 
hydria,  or  at  least  in  a  hypochlorhydria  of  the  gastric  juice,  associ- 
ated with  intense  bacterial  fermentation,  providing  that  lactic  acid 
and  butyric  acid  are  not  present  in  large  amounts.  An  obstruction 
to  tlie  flow  of  bile  and  intestinal  obstruction  may,  however,  produce 
the  same  result. 

2.  A  diminution  in  the  (juantity  of  conjugate  sulphates,  on  the 
other  hand,  may  b3  referable  to  hyperchlorhydria,  associated  with 
torular  fermentation,  ulcer  of  the  stomach  forming  an  exception,  in 
which,  notwithstanding  the  fact  that  conjugate  sulphates  are  fre- 
quently eliminated  in  increased  amount,  hyperchlorhydria  usually 
exists. 

3.  In  cases  of  diarrhoea  the  absolute  as  well  as  the  relative  quan- 
tity of  A  4-  B  and  B  is  diminished,  while  A  :  B  becomes  greater. 

TeatB  for  the  Sulphates  in  the  Urine. — The  detection  of  the 

preformed  and  the  combined  sulphates  in  the  urine  depends  upon  the 
fact  that  the  sulpliates  of  the  alkalies  are  precipitated  by  barium 
chloride,  as  insoluble  barium  sulphate,  according  to  the  equation  : 

KjSC^  +  Ba(  1,  =  BaS(\  -f  2KC1. 

In  the  urine  the  addition  of  barium  chloride  at  the  same  time  causes 
a  precipitation  of  the  phosphates.  These  must  be  kept  in  solution 
by  the  addition  of  an  acid,  acetic  acid  being  employed  for  this  pur- 
pose, whenever  the  j)reseiiee  of  the  preformed  sulj)hates  is  to  be 
demonstrated  ;  hydrochloric  acid  is  inadmissible,  as  it  would  c^use 
the  decomposition  of  the  conjugate  sulphates,  and  set  free  the  sul- 
phuric acid  thus  held. 

To  tent  for  the  prcformefl  aulphates  a  few  e.e.  of  urine,  strongly 
acidified  with  acetic  acid,  are  treated  with  a  few  drops  of  a  solution 
of  barium  chloride,  when  in  their  presence  a  cloud  or  a  white  pre- 
cipitate of  barium  sulphate  will  occur. 

To  teat  for  the  conjugate  HuJphaten,  20  c.e.  of  urine  are  treated  with 
about  the  same  volume  of  an  alkaline  barium  chloride  mixture  (2 
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volumes  of  a  solution  of  barium  hydrate  and  1  volume  of  a  solution 
of  barium  chloride,  both  saturated  at  ordinary  temperatures)  and  fil- 
tered after  a  few  minutes,  the  preformed  sulphates,  as  well  as  the 
phosphates,  being  thus  removed.  The  filtrate  is  then  strongly  acidi- 
fied with  hydrochloric  acid  and  boiled  ;  the  occurrence  of  a  precipi- 
tate is  referable  to  conjugate  sulphates. 

Quantitative  Estimation  of  the  Sulphates. — ^The  princiitle  of* 
the  method  employed  is  the 
aime  as  that  jnst  described, 
tlie  preformed  sulphates 
contained  in  the  urine  form- 
ing an  insoluble  precipitate 
of  buriura  sulphate,  when 
treated  directly  with  barium 
chloride,  while  the  combined 
sulphates  do  so  only  after 
having  been  decomposed 
with  strong  hydrochloric 
acid  and  the  application  of 
heat.     In  order  to  estimate  a  cooch  aiier. 

the   amount    of  preformed 

and  conjugate  sulphates  it  is  best  to  determine  the  total 
sulphates  In  one  portion,  and  the  combined  sulphates 
in  another,  the  difierence  between  the  two  giving  the 
preformed  sulphates. 

Quantitative  EstiaatioD  of  the  Total  Bnlphates. — One 
hundred  c.c.  of  clear,  filtered  urine  are  treated  with 
8  c.c.  of  hydrochloric  acid  (specific  gravity  1.12)  and 
heated  to  the  boiling-point,  when  20  c,c.  of  a  satura- 
ted solution  of  barium  chloride  are  added.  The  mix- 
ture is  kept  on  the  water-bath  until  the  Itarium  sul- 
phate has  thoroughly  settled  down  and  the  super- 
natant fluid  api>cars  clear  ;  this  usually  retjuires  about 
one  half  hour.  The  precipitate  is  now  filtered  off 
through  a  Schleicher  and  Schiill  filter,  or,  still  better, 
a  Gooch  filter  (Fig.  78),  provided  with  a  close-fitting  ^  suciion-fiiunei. 
plug  of  asbestos,  the  whole  having  been  previously 
dried  and  weighed.  Care  should  be  taken  never  to  allow  the 
filter  to  run  dry,  and  small  amounts  of  hot  water  must  be  added  to 
the  last  c.c.  remaining,  the  final  traces  being  placed  upon  the  filter 
with  the  aid  of  a  rubber-tipped  glass  rod.  The  precipitate  is 
washed  with  boiling  water,  until  a  specimen  of  the  washings  is  no 
longer  renderotl  cloudy,  even  on  standing  for  a  few  minutes,  on  the 
addition  of  a  drop  of  dilute  sulphuric  acid.  Gum-like  sul^tances, 
as  well  a.s  pigments,  are  removed  by  washing  with  hot  alcohol  (70 
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j>er  cent.),  and  then  filling  the  filter  two  or  three  times  with 
ether.  A  suction  apparatus  is  very  convenient,  but  not  necessary  ; 
a  simple  glass  tube,  bent  upon  itself,  will  answer  the  purpose 
(Fig.  79). 

If  a  paper  filter  has  been  used,  it  is  placed  in  a  weighed  platinum 
or  porcelain  crucible  and  ignited.  The  ash  is  then  heated,  at  first 
moderately,  and  almost  completely  covered  with  the  lid.  It  is  then 
heated,  only  half  covered,  for  from  five  to  seven  minutes,  until  the  con- 
tents of  the  crucible  are  white.  The  crucible,  when  cooled,  is  placed 
in  a  desiccator  and  weighed,  the  difference  between  the  first  and  the 
second  weighing  giving  the  weight  of  the  barium  sulphate,  obtained 
from  100  c.c.  of  urine. 

A  reduction  of  some  of  the  sulphate  usually  takes  place  during 
the  process  of  combustion,  owing  to  the  presence  of  organic  matter, 
so  that  the  weight  obtained  is  actually  too  low.  This  error  may  be 
corrected  in  the  following  manner  :  The  barium  sulphate  is  washed 
into  a  small  beaker  with  a  small  amount  of  water  colored  red  by  a 
few  drops  of  an  alcoholic  solution  of  phenolphthalein,  and  titrated 
with  a  one-tenth  normal  solution  of  sulphuric  acid,  until  the  red 
color  has  disappeared.  Every  c.c.  of  the  one-tenth  normal  solution 
corresponds  to  0.004  gramme  of  barium  sulphate,  so  that  the  actual 
amount,  contained  in  100  c.c.  of  urine,  is  ascertained  by  adding  the 
figure  thus  found  to  that  obtained  by  weighing  (see  below). 

Instead  of  correcting  as  just  described,  the  ash  may  be  moistened 
with  a  few  drops  of  a  dilute  solution  of  sulphuric  acid.  When 
heat  is  then  again  applied  any  sulphide  that  may  have  formed  is 
transformed  into  the  sulphate. 

Quantitative  Estimation  of  the  Conjugate  Sulphates. — One  hun- 
dred c.c.  of  clear,  filtered  urine  are  mixed  with  100  c.c.  of  an  alka- 
line solution  of  barium  chloride  (see  above),  the  mixture  being  thor- 
oughly stirred.  After  a  few  minutes  it  is  filtered  througli  a  dry 
filter  into  a  dry  graduate  to  the  100  c.c.  mark.  This  })ortion, 
corresponding  to  50  c.c.  of  urine,  is  now  strongly  acidified  with 
dilute  hydrochloric  acid  and  brought  to  the  boiling-point.  It  is 
kept  upon  the  boiling  water-bath  until  the  barium  sulphate  formed 
has  settled  and  the  su{)ernatant  fluid  is  clear.  The  precipitate  is 
filtered  off,  washed,  dried,  and  weighed,  as  described  above.  The 
weight  thus  obtained,  multiplied  by  2  and  deducted  from  the  amount 
found  accordiug  to  the  first  method,  indicates  the  amount  referable  to 
the  preformed  sulphates.  The  molecular  weight  of  liaSO^  being 
232.82,  that  of  SO.,  79.8G,  of  H.,SO,  97.82,  and  of  S  32,  the  figure 
expressing  the  amount  of  H.,SO^,  SO.,,  or  S,  corresponding  to  1 
gramme  of  BaSO^,  is  found  according  to  the  following  equations  : 

232.82  :  79.86  :  :  1  :  x,  and  x  =  0.34301.  .-.  1  gramme  of  RaSO^ 
=  0.34301  gramme  of  SO3. 


THE  CHEMISTRY  OF  THE  URINE.  319 

232.82  :  97.82  : :  1  :  x,  and  x  =  0.42015.  .-.  1  gramme  of  BaSO^ 
=  0.42015  gramme  of  H^SO,. 

232.82  :  32  :  :  1  :  X,  and  X  =  0.13744.  .-.  1  gramme  of  BaSO^  = 
0.13744  gramme  of  S. 

To  calculate  results  it  is  only  necessary  to  multiply  the  weight  of 
the  BaSO^  by  0.34301,  0.42015,  or  0.13744  in  order  to  ascertain 
the  amount  of  sulphuric  acid  contained  in  50  c.c.  of  urine,  in  terms 
of  SO3,  H^SO^,  or  S,  respectively. 

Neutral  Sulphur. 

While  the  greater  portion  of  the  sulphur  of  the  body  is  eliminated 
in  an  oxidized  form,  traces  of  non-oxidized  sulphur  bodies  are  like- 
wise found  in  every  urine.  They  are  collectively  spoken  of  as  the 
neutral  sulphur  of  the  urine,  and  under  normal  conditions  constitute 
from  12-15  per  cent,  of  the  total  sulphur.  The  relation  existing 
between  the  oxidized  and  the  neutral  form  is,  however,  inconstant, 
and  varies  with  the  character  of  the  diet,  the  degree  of  the  proteid 
metabolism,  etc. 

Of  the  true  nature  of  the  neutral  sulphur  bodies,  which  occur  in 
nomnal  urine,  comparatively  little  is  known.  At  the  present  time 
we  are  only  acquainted  with  two  substances  belonging  to  this  order, 
viz,  certain  sulphocyanides  and  cystein,  or  a  body  which  is  closely 
related  to  it.  The  greater  portion  of  the  sulphocyanides  is  undoubt- 
edly derived  from  the  saliva  that  has  been  swallowed  and  absorbed, 
while  a  smaller  amount  may  be  referable  to  the  trace,  which  is  said 
to  be  present  in  the  normal,  uncontaminated  gastric  juice.  The 
origin  of  cystein  on  the  other  hand  has  not  as  yet  been  definitely 
ascertained.  Possibly  it  represents  an  intermediary  stage  in  the 
normal  metabolism  of  proteid  material.  Under  normal  conditions, 
however,  the  greater  portion  is  certainly  oxidized  to  sulphuric  acid, 
and  traces  only  escape  to  be  eliminated,  as  such. 

Whether  or  not  Uiuro-cnrbamlnic  acid  which  is  a  derivative  of 
taurin,  is  normally  found  in  the  urine,  is  as  yet  an  open  question, 
but  very  probable.  We  know,  as  a  matter  of  fact,  that  the  amount 
of  neutral  sulphur  undergoes  a  distinct  diminution  in  animals,  when 
the  bile  is  prevented  from  entering  the  intestinal  canal  by  establishing 
an  external  fistula.  Under  pathologic  conditions  a  corresponding 
increase  is  observed  in  cases  of  biliary  obstruction,  and  the  amount 
of  neutral  sulphur  may  then  reach  40  per  cent,  of  the  total 
sulphur. 

ThiosulphateSj  which  are  normally  found  in  the  urine  of  dogs  and 
cats,  do  not  occur  in  human  urine  under  normal  conditions.  That 
they  may  be  present  in  disease  has  been  shown  by  Striimpell,  who 
found  them  in  a  case  of  typhoid  fever.  Further  observations,  how- 
ever, are  wanting. 
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Another  sulphur  body  belongiug  to  this  class,  which  Abel  dis- 
covered in  the  urine  of  dogs,  and  which  appears  to  be  identical  with 
ethyl-fmlphifhy  has  not  as  yet  been  found  in  the  urine  of  man. 

The  greatest  increase  in  the  amount  of  the  neutral  sulphur  isobser\'ed 
under  certain  pathologic  conditions,  which  are  associated  with   the 
appearance  of  cytstin.     Normally  this  is  never  present  in  the  urine, 
while   traces   of  cyMein,  or  a  closely  related   substance,  as    I    have 
already  stated,  are  found.     The  origin  of  cystin,  like  that  of  cystein, 
is  not  definitely  known,  but  the  evidence  seems  to  j)oint  to  the   liver 
as  the  probable  seat  of  its  formation.     According  to  Bauniann   and 
V.  Udranszky,  its  appearance  in  the  urine  is  closely  connected  with 
the  formation  of  certain  diamins,  viz,  cadaverin,  putrescin  and  a  third 
diamin,  which  is  probably  identical  with  saprin  or  neuridin.      As 
these  diamins  were  hitherto  supposed  to  result  only  from  the  action 
of  certain  specific  bacteria  upon  albuminous  material,  cystinuria  was 
regarded  as   evidence  of  a  definite   infectious   process.     It  is  to  be 
noted,  however,  that  cystin  itself  does  not  occur  in  the  feces,  and 
that  diamin uria  does  not  necessarily  accompany  the  cystinuria.      As 
the  result  of  personal  observations  I  have  l^een  led  to  the  conclusion 
that  a  causal  connection  does  not  exist  between  the  two  conditions, 
and  that  the  diamins  in  question  can  be  prcKluced  in  the  body-tissues 
directly  without  the  intervention  of  micro-orgiuiisms.    Like  Moreigne, 
I  incline  to  the    belief  that  cystinuria   is  essentially  a   metabolic 
anomaly,  and  the  result  of  deficient  oxidation  processes  taking  place 
in  the  body. 

The  amount  of  neutral  sulphur,  which  may  be  met  with  in  cysti- 
nuria is  subject  to  wide  variation,  hut  not  infrequently  exceeds  30 
per  cent,  of  the  total  sulphur.  As  a  general  rule  the  amount  of 
cystin  eliminated  in  the  24  hours  is  less  than  0..")  grm.  At  times, 
however,  larger  quantities  are  found  and  1  have  myself  obtained 
over  one  gramme  on  one  occasion.  Clinically  it  is  of  interest  in  so  far 
as  its  continued  elimination  may  give  rise  to  the  formation  of 
calculi. 

Unless  cystin  occurs  as  a  deposit,  its  presence  will  scarcely 
be  suspected.  The  substance  may,  however,  also  occur  in  solution, 
and  it  not  infrequently  happens  that  attention  is  first  drawn  toward 
its  existence  in  this  state,  owing  to  the  marked  odor  of  sulphuretted 
hydrogen,  which  such  urines  develop  on  standing  (see  Hydrothio- 
nuria).  If  acetic  acid  is  then  added  in  excess,  the  characteristic 
hexagonal  plates  may  crystallize  out.  The  same  result  is  also  ob- 
tained by  allowing  the  urine  to  undergo  annnoniacal  decomposition, 
as  the  cystin  is  insoluble  in  solutions  of  ammonium  carbonate. 

Chemically,  cystin  may  be  regarded  as  the  disulphide  of  amido- 
aethylidene  lactic  acid,  and,  according  to  Bauniann,  is  represented  by 
the  formula : 
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CH,  CH, 

I  s s     ^\ 

COOH  CXX)H. 

Its  relation  to  cystein  is  further  represented  by  the  equation  : 

Cvstin.  Cystein. 

CIIs  CH,  CH, 

I  XH,  NH,.    I  NHa.    I 

C:  ;C  +2H=2         )C 

I  S        S      /  I  HS  '^l 

COC^H  COOH  COOH. 

and  I  have  pointed  out  elsewhere  that  cystein  may  be  derived  from 
phenyl-alanin,  which  latter  occurs  as  a  normal  decomposition  prod- 
uct of  the  proteid  molecule.  Since  putrescin,  moreover,  may  be 
obtained  from  ornithin,  and  this  from  arginin,  which  in  turn  is 
formed  during  the  decomposition  of  the  protamin  radicle  of  the  albu- 
minous molecule,  we  can  readily  imagine  that  both  cystin  and  diamins 
will  result,  if  for  any  reason  the  oxidation  processes  of  the  body  are 
seriously  impeded.  The  relation  between  phenyl-alanin — phenyl- 
«-amido  propionic  acid — and  cystein  is  represented  by  the  formulae : 

Phcnyl-alaiiia.  Cystein. 

CH3— CH(  NH,)— COOH  CH3— C(  NH,)HS— CCX)H. 

Cystin  crystallizes  in  hexagonal  plates  which  are  quite  characteristic, 
and  not  likely  to  be  confounded  with  other  crystalline  elements  that 
may  be  present  in  urinary  sediments.  If  doubt  should  arise,  their 
solubility  in  ammonia  and  hydrochloric  acid,  and  their  insolubility 
in  acetic  acid,  water,  alcohol,  and  ether,  will  lead  to  their  identifi- 
cation. 

The  quantitative  estimation  of  cystin  is  rather  unsatisfactor)'^,  as 
no  method  is  known  which  yields  reliable  results.  On  the  whole  it 
is  perhaps  best  to  determine  the  neutral  sulphur  and  to  refer  the 
increase  beyond  its  normal  value  to  the  presence  of  cystin. 

Quantitative  Estimation  of  the  Neutral  Sulphur  in  the  XJrine. — In 
100  c.c.  of  urine  the  oxidized  sulphur,  viz,  the  mineral  and  the  con- 
jugate sulphates,  are  estimated  as  described  on  p.  317.  In  the  second 
portion  the  total  sulphur  is  then  determined,  the  diflTerence  indicating 
the  amount  of  tlie  neutral  sulphur. 

To  detiTmine  the  total  amount  of  sulphur,  100  c.c.  of  urine  are 
treated  with  1 2  grammes  of  a  mixture  of  sodium  and  potassium  car- 
bonate (11  :  14),  and  evaporate<l  to  dryness  in  a'nickel  crucible.  The 
residue  is  thoroughly  fused,  allowed  to  cool  and  extracted  with  hot 
water.  The  carlx>naceous  residue  is  filtered  off  and  the  filtrate  and 
washings  treated  with  a  few  crj'stals  of  potassium  permanganate. 
After  heating  for  about  15  minutes  (more  potassium  permanganate 
21 
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iAtt0i\A  \tf:  sMedj  if  doring  this  time  the  roluti*  lO  beojtne^  decoloriaed^ 
nii^fTi  \ifrM,  'm  a^n  applied  £>r  1  o  minutes  t.  concentrated  hydrocliloric 
s^l  14  lybWI  antil  the  reaction  is  dirtinctlv  acid.  This  scdntioo  is 
then  br^/fj|fht  t^>  the  boiling  point  and  treated  with  abi>ot  2<)  c.c  of 
a  j^cjrated  !^>lotion  of  Ijariam  chloride.  The  barimn  sulphate  which 
i>»  thn?*  forme*!  w  then  orJlected  and  weighel  as  described  on  p.  318. 

Urea. 

Urea  i?s  by  fiur  the  most  important  nitrogenous  c«»nstituent  of  the 
urine^  and  nrpresents,  under  normal  conditions,  8o  to  86  per  cent,  of 
the  Uttsil  amount  of  nitrogen  eliminated  by  the  kidneys.  Chemic- 
ally it  may  l>e  regarded  as  carbamide — i.  e,,  as  the  amide  of  carbonic 
add — awl  repre?iented  by  the  formula  : 

CO/ 

It  i^  thiw  a  ^!r>mparatively  simple  sul>stance,  and  the  question  natu- 
rally ariwfH,  In  wliat  relation  does  urea  stand  to  the  highly  complex 
albnminotiH  moUfCule  from  which  it  is  derived?  Numerous  hv- 
jK>th(?w;H  have  l>een  oflTered  to  explain  this  problem,  and,  although 
we  are  in  the  f)0»«esHion  of  a  number  of  verj-  suggestive  data,  an  ulti- 
mate answer  to  the  question  cannot  be  given  at  the  present  time. 

When  albumin  is  treated  with  strong  acids  or  alkalies,  leucin, 
tyrr>Hin,  and  iiS|)araginic  acid  are  formed,  /.  e.,  lx)dies  which  belong 
to  the  group  of  amido-acids,  being  represented  by  the  formulae  : 

I^riicifi.  Tyro««in.  Asparaginic  acid. 

(,\ltJS\L)  A)\l  AXyOll 

I  ^\U/  (JT,(Nir,;<( 

<*^><>H  \(',Tl3(NII,)C0OII  Noon 

Th(?H('  bodic's  were  n^garded  by  Schultzen  and  Xencki  as  inter- 
rncMliary  pro<lu(;tH  in  tlie  formation  of  urea.  As  a  matter  of  fact,  it 
wiw  Hhown  that  leucin,  asparaginic  acid,  and  glycocoll, 

/NIT, 

MOOII 

whicli  latUT  can  be  <)!)taine<l  under  similar  conditions  from  connec- 
tiv(?  ( issue,  osseous  and  gelatinous  tissue,  are  transformed,  to  a  large 
extent  at  least,  into  ur(?a  within  the  body.  An  analogous  formation 
of  urea  was  li(»nce  suppos(Ml  to  occur,  the  transformation  of  amido- 
aeids  into  uric^  acid,  occurring  in  birds,  being  regarde<l  as  sup[X)rting 
tliis  view,  since  uri<^  acid  in  birds  corresponds  to  urea  in  mammals. 
Tlie  nuinn(*r  of  the  transformation  of  amido-acids  into  urea  in  the 
\m\y  is  unknown.      It  is  conceivable  that  cyanic  acid  (COXH),  may 
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be  produced  as  an  intermediary  product,  the  formation  of  urea  re- 
sulting from  an  interaction  between  2  molecules  of  CONH  in  statu 
nascendi,  according  to  the  equation  : 

NIT 
CONH  4-  CONH  +  H^O  =  CX)<       '  -|.  CO^. 

NH, 

A  transformation  of  the  amido-acids  into  the  ammonium  salts  of  the 
fatty  acids  standing  next  in  order  in  the  downward  scale  may  also 
be  imagined.  This  change  being  produced  by  a  process  of  oxidation, 
the  salts  of  the  fatty  acids  would  then  be  transformed  into  ammonium 
carbonate  and  this  again  into  urea. 

In  the  case  of  glycocoll  such  a  process  would  be  represented  by 
he  following  equations : 

Amido-acetic  acid.  Ammon.  formate. 

I.     CH,.NH,.COOH  +  20  =  HCOj.NH2  4-CX), 

AmmoD.  formate.  AmmoDium  carbonate. 

II.     2H.CO,.NH,  +  20=  (NH,)2C05  -hH,0  +  COj 

HI.     (NH0,CO3  =  CO<       '+2H,0. 

Nil, 

The  possible  formation  of  urea  from  ammonium  carbonate  in  the 
body  has  been  demonstrated  by  v.  Schroeder  and  Salomon,  who 
observed  a  fair  production  of  urea  when  blood  containing  ammonium 
carbonate  or  ammonium  formate  was  allowed  to  flow  through  isolated 
livers  of  dogs. 

Other  hypotheses  have  been  advanced  to  explain  the  mode  of  for- 
mation of  urea,  such  as  its  production  from  ammonium  carbonate, 
formed  directly  from  albuminous  material  without  the  intermediary 
occurrence  of  amido-acids. 

According  to  Drechsel,  the  amido-acids  are  transformed  into  car- 
bamic  acid,  2  molecules  of  the  latter  uniting  to  form  urea,  carbonic 
acid,  and  water : 

.NHj  NH,  NH, 

CO^        +C0<^        =C0<^        +COj-hH20. 
^OH  ^OH  ^NH, 

On  the  other  hand,  it  is  possible  that  urea  is  not  always  formed  in 
the  same  manner,  and  the  possibility  of  its  origin  from  kreatin  and 
the  xanthin  bases  cannot  be  altogether  excluded.  It  is  also  conceiv- 
able that  urea  may,  under  certain  conditions,  be  produced  in  a  diflerent 
manner  by  different  organs. 

Numerous  experiments  have  been  made  in  order  to  ascertain  defi- 
nitely in  what  organ  or  organs  urea  is  formed  during  health,  and 
special  attention  has  been  directed  to  the  kidneys,  the  muscular  tissue, 
and  the  liver. 
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Opposed  to  the  assumption  that  urea  is  formed  in  the  kidneys  are 
the  facts  that  after  extirpation  of  these  organs  an  accumulation  of 
urea  is  observed  in  the  blood  and  tissues  of  the  body,  and  that  ex- 
periments, analogous  to  those  made  with  still  living  livers,  furnished 
a  negative  result. 

The  same  result  has  been  reached  so  far  as  the  muscular  tissue  of 
the  body  is  concerned,  although  the  curious  fact,  that  more  urea  is 
found  in  these  organs  than  in  the  blood  of  nephrectomized  animals, 
in  the  typhoid  stage  of  cholera  Asiatica,  etc.,  has  so  far  not  been 
explained.  Under  normal  conditions,  however,  urea  has  not  been 
demonstrated  in  the  muscles. 

There  remain  then  for  consideration  the  large  glandular  organs  of 
the  body,  and  especially  the  liver  and  spleen,  in  which  urea  is  always 
demonstrable.  In  the  liver  the  transformation  of  ammonium  car- 
bonate and  the  ammonium  salts  of  the  fatty  acids  has  l>een  conclu- 
sively established.  The  facts  that  possible  antecedents  of  urea,  such 
as  leucin,  have  been  observed  in  the  absence  of  urea  in  the  urine,  as 
in  cases  of  acute  yellow  atrophy,  and  that  an  increase  in  the  elimina- 
tion of  ammonia  goes  hand-in-hand  with  a  diminished  excretion  of 
urea  in  certain  diseases  of  the  liver,  also  speak  strongly  in  favor  of 
the  hepatic  origin  of  urea. 

Before  going  on  to  a  consideration  of  the  quantitative  excretion 
of  urea  in  health  and  disease  it  will  be  well  to  form  an  idea  of  its 
ultimate  sources.  To  this  end  the  theory  of  Pettenkofer  should  be 
recalled,  according  to  which  albuminous  material  exists  in  the  body 
in  two  diflferent  forms — /.  ^.,  as  organized  albumin, — which  is  built 
up  in  the  form  of  the  tissues  of  the  body,  and  as  unorganized  albumin, 
or  circulating  albumin,  which  must  be  regarded,  in  a  manner,  as  a 
reserve,  to  be  used  in  tissue  repair,  or  to  be  broken  down  if  not  used, 
and  to  be  replaced  by  the  proteids  ingested  witli  the  next  meal.  It 
may,  hence,  be  said  that,  as  in  the  case  of  the  mineral  constituents 
of  the  urine,  the  urea  is  referable  on  tlie  one  liand  to  the  proteids 
of  the  food,  and  on  the  other  to  the  ])rotei(ls  of  t lie  l»ody-tissues.  It 
is  clear  then  that  the  elimination  of  urea  will  continue  during  starva- 
tion. 

It  has  been  stated  that  84  to  86.6  per  cent,  of  all  the  nitrogen, 
eliminated  in  the  urine,  is  found  in  the  form  of  urea,  the  remaining 
13.4  per  cent,  being  excreted  as  uric  acid,  hippurie  acid,  kreatinin, 
xanthin  bases,  etc.  It  might,  hence,  be  sup])0sed  that  an  accurate 
idea  of  the  degree  of  tissue  destruction  could  he  formed  from  a 
quantitative  estimation  of  urea.  This,  however,  is  not  the  case,  and 
especially  in  pathologic  conditions,  as  the  (juantitative  relations  ex- 
isting between  the  excretion  of  urea  and  the  remaining  nitrogenous 
constituents  are  subject  to  wide  variation.  In  acute  yellow  atrophy, 
for  example,  as  pointed  out  above,  urea  may  disappear  entirely  from 
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the  urine,  the  nitrogen  being  eliminated  in  the  form  of  other  com- 
pounds. Whenever  it  becomes  desirable  then  to  gain  an  accurate 
insight  into  the  degree  of  proteid-destruction  or  proteid-assimilation, 
— in  other  words,  into  the  nitrogenous  metabolism — taking  place  in 
the  body,  it  is  necessary  to  resort  to  a  quantitative  determination  of 
the  total  amount  of  nitrogen  excreted  by  the  kidneys ;  the  quantity 
found  is  then  conveniently  expressed  in  terms  of  urea.  At  the 
same  time  it  is  customary  to  express  the  amount  of  proteid  tissue 
which  is  destroyed,  as  muscle-tissue,  as  this  serves  as  a  fair  type  of 
body-tissue  in  general. 

As  100  grammes  of  lean  muscle-tissue  contain  about  3.4  grammes 
of  nitrogen,  corresponding  to  7.286  grammes  of  urea,  1  gramme  of 
the  latter  is  equivalent  to  13.72  grammes  of  muscle-tissue.  It  is, 
hence,  only  necessary  to  multiply  the  quantity  of  urea  eliminated  in 
the  twenty-four  hours,  corresponding  to  the  total  amount  of  nitrogen 
found,  by  13.72,  in  order  to  obtain  an  idea  of  the  extent  of  albu- 
minous destruction  taking  place  in  the  body.  If  accurate  results 
are  desired,  it  also  becomes  necessary  to  determine  the  amount  of 
nitrogen  eliminated  in  the  feces,  a  knowledge  of  the  quantity  in  the 
food  ingested  being,  of  course,  presupposed. 

With  all  these  data  given  the  nitrogenous  metabolism  of  the  body 
can  be  accurately  controlled. 

Example :  A  patient  eliminates  50  grammes  of  urea  in  twenty- 
four  hours ;  these  50  grammes  correspond  to  50  x  13.72 — i.  e.,  686 
grammes  of  lean  muscle-tissue ;  on  the  other  hand,  he  ingests  an 
amount  of  nitrogenous  material  corresponding  to  only  10  grammes 
of  urea,  equivalent  to  10  x  13.72 — /.  e.,  137.2  grammes  of  muscle- 
tissue.  The  difference  between  the  amount  ingested  and  that  ex- 
creted in  this  case — i.  e.,  548.8  grammes — must  be  referable  to  the 
destruction  of  organized  albumin i 

The  value  of  the  results  of  such  a  study  in  different  cases,  and  the 
insight  that  can  thus  be  obtained  into  the  metabolic  processes  of  the 
body,  are  apparent,  but  such  studies  are,  unfortunat<3ly,  greatly  neg- 
lected. 

When  the  amount  of  nitrogen  eliminated  is  equivalent  to  that  in- 
gested, nitrogenous  equilibrium  is  said  to  exist.  A  healthy  person  is 
approximately  in  this  condition. 

It  has  been  pointed  out  that  during  starvation  urea  is  still  elimi- 
nated from  the  body,  although  in  diminished  amount.  The  question 
now  arises,  what  happens,  if  at  this  time  an  amount  of  nitrogenous 
food  is  given  which  corresponds  exactly  in  amount  to  that  elimi- 
nated ?  Under  such  conditions  an  increased  elimination  of  nitrogen 
takes  place,  all  of  the  nitrogen  ingested,  in  addition  to  that  resulting 
from  a  breaking  down  of  tissue,  being  excreted.  The  amount  of 
nitrogen  referable  to  the  latter  source,  however,   is  somewhat  less 
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than  that  crliminated  in  the  total  absence  of  food.  Unless  starvation 
ha«  been  pa«hed  too  far,  the  body  accommodates  itsdf  to  the  nmoant 
of  food  thus  given  and  nitrogenoos  eqoilibrinm  is  restored.  If  naore 
food  is  allowed y  an  increased  elimination  resolts^  again  leading  to 
a  condition  of  nitrogenous  equilibrium,  different  levels,  $o  to  speak, 
being  possible.  This  is  well  illustrated  by  c«>mparing  the  condition 
of  the  poorly  nourished  North  German  laboring  population  irith 
that  of  the  well-fed  merchants,  the  excretion  of  the  urea  in  the  for- 
mer amounting  to  17.5  to  33.5  grammes  of  urea,  and  in  the  latter 
to  30  or  even  40  grammes. 

It  is  apparent,  then,  that  the  elimination  of  urea,  and  of  nitrogen 
in  general,  is  subject  to  great  variation,  depending  upon  the  amount 
ingested  and  that  resulting  from  tissue-de<t ruction,  which  in  turn  is 
largely  influenced  by  the  body- weight.  A  statement  in  figures, 
expressing  the  daily  elimination  of  urea  and  of  nitrogen  would, 
hence,  be  of  very  little  value,  especially  in  pathologic  conditions, 
in  which  the  amount  of  nitrogen  ingested  is  frequently  ver^-  small. 
The  elimination  of  nitrogen  should  hence  always  be  compared  w^th 
the  amount  ingested,  for  which  puqxxse  the  tables  of  Konig  wrill 
be  found  most  convenient.  At  the  same  time  it  must  be  remem- 
bered that  not  all  the  nitrogen  taken  into  the  body,  as  food,  under- 
go<?8  rcsorjition,  and  that  a  variable  amount,  which  in  disease  may 
be  considerable,  is  eliminated  with  the  feces,  so  that  in  accurate  w^ork 
this  nitrogen  also  must  be  taken  into  account.  In  order  to  obviate 
the  tedious  estimation  of  nitrogen  in  the  feces  it  has  been  proposed 
to  determine  the  standard  amount  of  urea  which  should  appear  in 
the  urine  of  a  liealtliy  person  under  different  forms  of  diet.  Such 
experiments,  of  course,  presup|K)se  the  eontn)l-j>erson  to  be  in  a 
condition  of  nitrogenous  equilibrium,  which,  from  what  has  been 
said  alx>ve,  is  n^adily  accomplished,  as  the  human  body  adapts  itself 
with  ease  to  different  forms  of  diet.  In  private  practice,  however, 
such  a  procedure  would  be  difficult,  but  here  approximative  results 
can  l)e  obtained  from  a  parallel  estimation  of  the  chlorides.  In  health 
the  elimination  of  the  chlorides  may  be  pUiced  at  about  one-half  of 
the  urea.  Wiienever  the  nitrogen  resulting  from  tissue-destruction 
is  in  excess  of  tliat  referable  to  the  proteids  ingested,  this  relation 
between  the  excretion  of  chlorides  and  urea  will  be  disturbed,  as  the 
tissues  of  the  body  contain  but  very  little  sodium  chloride.  When- 
ever the  amount  of  urea  is  in  excess  of  the  normal  amount  of 
chlorides,  as  indicated  al)ove,  an  increased  tissue-<lestruction  may 
be  inferred,  and  vice  verHu,  If,  on  the  other  hand,  the  chlorides  are 
present  in  diminished  amount,  the  conclusion  may  be  drawn  that  a 
retention  of  albumins  is  taking  place  in  the  body  ;  this  is  frequently 
observeil  during  the  convalescence  from  acute  fi^brile  diseases. 

An  inctraac  in  the  amount  of  vrca,  and,  as  a  matter  of  fact,  of  all 
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the  nitrogenous  constituents,  Is  observed  especially  in  the  acute 
febrile  diseases,  notwithstanding  the  diminished  ingestion  of  nitrog- 
enous material,  and  is  due  to  the  greatly  increased  tissue-destruc- 
tion. An  excretion  of  50  grammes  or  more  is  here  frequently  ob- 
served. Formerly  it  was  thought  that  the  fever  itself  was  responsible 
for  this  increased  elimination.  But  this  view  became  untenable  when 
it  was  shown,  that  the  excretion  of  urea  in  the  beginning  of  a  febrile 
attack  is  not  at  all  proportionate  to  the  height  of  the  temperature, 
reaching  its  highest  point  only  when  the  fever  has  been  continuous 
for  several  days.  Still  larger  amounts,  moreover,  may  be  eliminated 
when  the  fever  is  abating.  Similar  observations  have  since  been 
repeatedly  made.  An  increased  elimination  of  nitrogen  may  also  be 
noted  in  almost  every  case  of  ague  preceding  the  onset  of  the  fever. 
The  latter,  therefore,  cannot  be  the  only  factor  which  causes  the  in- 
creased excretion  of  urea,  and  it  has  been  suggested  that  the  cells  of 
the  body  have  lost  the  power  of  taking  up  nitrogen.  The  question, 
however,  whether  this  is  dependent  upon  the  increase  in  temperature 
or  the  action  of  certain  toxic  substances  circulating  in  the  blood,  or 
both,  must  still  be  regarded  as  unanswered. 

The  large  increase  in  the  elimination  of  nitrogen  in  febrile  diseases 
is  especially  striking  in  those  forms  which  end  by  crisis.  This  is 
notably  the  case  in  pneumonia,  in  which  it  may  persist  for  two  or 
three  days  after  the  occurrence  of  the  crisis.  The  assumption  of  an 
underlying  insufficiency  on  the  part  of  the  cells  furnishes  a  very  sat- 
isfactory explanation  for  the  continued  increased  elimination  of  urea. 
An  increase  beyond  the  amount  eliminated  during  the  febrile  stage 
is  possibly  owing  to  a  certain  degree  of  retention  analogous  to  that 
occurring  in  the  case  of  the  mineral  constituents  of  the  urine. 

The  only  exception  to  the  rule  that  the  urea  is  increased  in  acute 
febrile  diseases  is,  apparently,  acute  yellow  atrophy,  in  which  the 
excretion  of  urea  is  not  only  greatly  diminished,  but  may  altogether 
cease,  its  place  being  taken  by  other  nitrogenous  bodies,  and  notably 
leucin  and  ti/ rosin. 

Among  afebrile  diseases,  in  w^hich  an  increased  elimination  of  urea 
has  been  noted,  must  be  mentioned  the  ordinary  forms  of  diabetes 
mellitus,  in  which  the  highest  figures  have  been  obtained,  viz,  150 
grammes  or  more  pro  die.  This  observation  is,  in  all  probability, 
explained  by  the  ingestion  of  excessive  amounts  of  proteid  food  by  such 
patients,  l>ut  carefully  conducted  experiments  seem  to  show  that  a 
not  inconsiderable  portion  of  the  urea  is  directly  referable  to  increased 
tissue-destruction.  The  interesting  cases  described  by  Hirschfeld, 
which  will  be  considered  later  on,  form  an  exception  to  this  rule. 

An  increase  is  also  observed  in  dyspnoeic  conditions,  and  particu- 
larly in  pneumonia,  where  it  is  most  marked  on  the  day  following 
the  greatest  difficulty  in  breathing.     These  observations,  however, 
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are  not  free  from  objections,  as  an  increase  has  also  been   noted  in 
conditions  of  apnwa. 

A  moderate  increase  has  been  found  in  cases  of  pernicious  anseniiay 
in  severe  cases  of  leukiemia,  scurvy,  minor  chorea,  and  paralysis 
agitans.  Observations  made  in  cases  of  hystero-epilepsy  have  given 
rise  to  conflicting  results.  It  is  claimed,  on  the  one  hand,  that  the 
excretion  of  urea  is  diminished,  following  the  convulsive  seizures  of  a 
hystero-epileptic  nature,  in  contradistinction  to  an  increased  elimina- 
tion following  true  epileptic  attacks. 

In  cases  of  functional  albuminuria  associated  with  an  increased 
elimination  of  uric  acid  or  oxalic  acid,  or  of  both,  as  well  as  in 
numerous  cases  of  gastro-intestinal  disease,  I  have  observed  an  in- 
creased elimination  of  urea,  and  believe  that  in  the  treatment  of  these 
diseases  a  systematic  study  of  the  excretion  of  nitrogen  is  of  funda- 
mental importance. 

Of  drugs,  an  increased  elimination  is  produced  by  coflee,  caffein, 
morphin,  codeia,  ammonium  chloride,  sodium  and  jwtassium  chloride, 
carbonate  of  lithia,  following  the  ingestion  of  large  amounts  of  water, 
etc.  The  data  concerning  the  action  of  quinine,  salicylic  acid,  cold 
baths,  etc.,  are  very  conflicting.  A  large  increase  has  been  observed 
in  cases  of  phosphorus-poisoning. 

Electricity  also  appears  to  exert  a  marked  influence  upon  the  ex- 
cretion of  urea,  producing  an  increased  elimination. 

The  (linihushed  elimination  of  urea  observed  in  certain  diseases  of 
the  liver,  notably  in  acute  yellow  atrophy,  carcinoma,  cirrhosis,  and 
even  in  Weyl's  disease,  is  of  especial  interest  and  is  in  perfect  accord 
with  the  theory  that  the  liver  is  the  main  seat  of  its  production. 

As  has  been  stated,  urea  may  altogetlier  disappear  from  the  urine 
in  acute  yellow  atropliy  and  also  in  AVeyrs  disease,  notwithstanding 
the  fre<pie!itly  not  inconsiderable  degree  of  fever.  In  cirrhosis, 
hypera?mia  of  the  portal  system  has  been  tliought  to  cause  the  dimi- 
nution, which  may  be  further  increased  in  some  cases  bv  the  occur- 
rence  of  ascites.  In  short,  the  factors  wliicli  may  be  regarded  as 
causing  a  diminished  elimination  of  urea  in  hepatic  diseases  may  be 
summarized  under  the  following  headings  : 

1.  Destruction  of  hepatic  parenchyma. 

2.  A  diminished  velocity  of  the  flow  of  blood  through  the  liver. 
f\.  InsuHicient  excretion  of  bile,  and  coincident  digestive  disturb- 
ances. 

Whenever  there  is  disease  affecting  that  j)ortion  of  the  renal  ])aren- 
chyma  which  is  especially  concerned  in  the  elimination  of  urea,  a 
diminished  amount  will,  of  course,  be  met  with,  and  carefully  con- 
ducted observations  upon  the  excretion  of  the  various  urinary  con- 
stituents would  undoubtedly  be  of  considendile  value  from  a  diag- 
nostic as  well  as  a  therapeutic  standjx)int.     As  the  glomeruli  of  the 
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kidneys  are  mainly  concerned  in  the  elimination  of  water  and  salts 
from  the  blood,  and  as  the  striated  epithelium  of  the  convoluted 
tubules  appears  to  provide  for  the  excretion  of  urea,  the  elimination 
of  a  fair  amount  of  the  latter  with  a  diminished  elimination  of  salts, 
the  phosphates  being  here  of  especial  interest,  as  they  are  derived  to  a 
large  extent  from  albuminous  material,  would  point  more  particularly 
to  glomerular  disease.  On  the  other  hand,  a  fair  excretion'of  phos- 
phates and  a  diminished  excretion  of  urea  would  be  indicative  of 
tubular  disease.  Whenever  the  glomeruli  and  tubuli  contorti  are 
equally  diseased  an  insufficient  elimination  of  both  phosphates  and 
urea  will  be  observed. 

While,  as  a  rule,  the  excretion  of  urea  is  greatly  increased  in 
diabetes  mellitus,  certain  cases,  which  have  been  elaborately  described 
by  Hirschfeld,  must  be  excepted.  His  researches  have  established 
beyond  a  doubt  that  the  resorption  of  nitrogenous  material  from  the 
intestines  may  be  very  much  below  normal,  and  with  it  the  elimina- 
tion of  urea.  Upon  these  grounds  he  has  advocated  the  recognition 
of  a  distinct  form  of  diabetes,  which  is  characterized  by  a  com- 
paratively rapid  course,  the  occurrence  of  colicky  abdominal  pains, 
before  or  at  the  onset  of  the  diabetic  symptoms  proper,  the  existence 
of  pancreatic  lesions  in  a  certain  proportion  of  the  cases,  a  more 
moderate  degree  of  {>olyuria,  etc. 

In  mental  diseases  a  diminished  excretion  of  urea  has  been  ob- 
served in  melancholia  and  in  the  more  advanced  stages  of  general 
paresis,  while  an  increase  is  associated  with  the  increased  ingestion 
of  food,  during  the  first  stage  of  profound  dementia. 

Following  epileptic,  cataleptic,  and  hysterical  seizures,  as  well  as 
in  pseudo-hypertrophic  paralysis,  a  decrease  has  been  noted  by  some 
observers. 

The  diminished  excretion  observed  in  Addison's  disease  has  also 
been  regjirded  as  of  nervous  origin. 

All  forms  of  chronic,  non-progressive  ansBmia  are  associated  with 
a  decrease,  as  are  also  osteomalacia,  impetigo,  lepra,  chronic  rheu- 
matism, etc.  In  chronic  lead-poisoning  the  elimination  of  urea  may 
be  greatly  diminished. 

Of  the  influence  of  drugs  in  bringing  about  a  diminished  excre- 
tion of  urea  but  little  is  known. 

In  conclusion,  the  relation  existing  between  phosphatic  excretion 
and  that  of  nitrogen  should  be  especially  noted,  and  the  reader  is 
referred  to  that  chapter. 

Properties  of  Urea. — Urea  crystallizes  in  two  forms,  viz,  in 
long,  tine  white  needles,  if  rapidly  formed,  or  in  long,  colorless, 
quadratic  rhombic  prisms,  when  allowed  to  crystallize  gradually  from 
its  solutions. 

At  100°  C.  it  begins  to  show  signs  of  decomposition,  at  130°  to 
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132^  C  it  rn^ts.  zai  when  keft&ej  rdll  funber  h  is  deeompoeed 
ioV/  eraiuc  acid  aod  amnKioia,  of  wiiieti  the  former  is  immediatelv 
tnui«i<ini>ed  ioto  it*  polymeric  €3r«[ip''xmd.  rymnuric  aeid.  The  reac- 
tW>o  wfak-b  tak^  plaoe  is  repres^ested  by  the  e^iaDoas : 

NIL 
IL        yXjXH  =  C  <  ».X,H^ 

^      •       «        « 

Biuret  i«  formed  a"?  an  interme^liary  pn.Mlact  daring  this  deoom- 
ytmxUon^  2  moleculcrs  of  area  ^nelding  1  molecole  of  ammonia  and 
1  raolectile  of  biuret,  a*  representee!  in  the  equation  : 

^NIL  /NH, 

xh;=        nh  +  ml. 

ML  ML 

A«  this  substance,  which  may  be  obtained  by  dissolving  the  resi- 
due remaining,  after  all  the  ammonia  has  Ix^n  driven  off,  by  carefal 
heating,  yields  a  beautiful  reddish-violet  cok»r,  when  a  drop  or  two 
of  a  very  dilute  solution  of  sulphate  of  copper  is  added  to  its  solu- 
tion, alkalini/xKl  with  sodium  hydrate,  this  reaction  may  l>e  employed 
jiH  a  t<«t  in  tluj  detection  of  urea  (Biuret  TeM), 

IJrcsi  is  readily  8r>luble  in  water,  fairlv  so  in  alcohol,  and  insol- 
uble  in  anhydrous  ether  and  benzol.  The  aqueous  solution  of  urea 
is  neutral  in  reacti(»n,  but  combines  with  acids,  bases,  and  salts  to 
form  molecular  ccanpounds. 

Of  Hpecjial  interest  are  the  con)jx)unds  of  urea  with  nitric  acid, 
oxalic  acrid,  and  mercuric  nitrate.  I  rea  nitrate,  COX^H^.HXO^y 
crystJillizes  in  two  different  forms  :  in  thin  rhombic  or  six-sided 
c^dorlcHs  plates,  which  are  frecjuently  observed  arranged  like  shingles 
one  on  top  of  the  other,  when  rapidly  formed  (Fig.  80),  while  larger 
and  thicker  rhombic^  columns  or  plates  arc  obtained  if  the  process  of 
(!ryHtallization  is  allowed  to  proceed  more  slowly.  T^rea  nitrate  is 
readily  soluble*  in  distilled  water,  while  in  alcohol  and  water,  con- 
taining nitric*  acid,  it  dissolves  with  difficulty.  Upon  heating  it  evap- 
oration without  leaving  a  residue. 

Urea  oxalate,  (JOXJI^.C^HjO^,  crystallizes  in  rhombic  or  six- 
sided  prisms  or  plates  (Fig.  81),  which  are  less  soluble  in  watcn*  than 
the  nitrate;  in  alcohol,  and  water  containing  oxalic  acid,  it  is  only 
imperfectly  soluble. 

With  mercuric  nitrate  urea  forms  three  different  compounds,  accord- 
ing to  tlu'  eoucout  ration  of  the  two  solutions,  viz,  (CON2HJIIg,(XO.^)^, 
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(C0N,H,).Hg,(N03)„  and  (CON.H  J,.Hg{NO,)j  +  3HgO.  The  lat- 
ter con]|)ound  is  of  special  importance,  as  Liebig's  quantitative  esti- 
mation of  urea   is  based  upon  its  formation.     It  resulta  when  n 


2-per-cent.  solution  of  urea  is  treated  with  a  dilute  solution  of  mer- 
curic nitrate,  the  reaction  taking  place  according  to  the  equation  : 

2C0N,H.  +  4HgCN0,),  +  .1H,0  =  [2(CON,II.),H([(  SO,),  +  SUgO]  +  6HNO3. 

Very  important  is  the  liohavior  of  urea,  when  treated  with  a  solu- 
tion of  sodium  hypochlorite  or  hypobromite,  the  most  usual  method 


iBEBii,  Hfler  KOnnc) 


of  estimating  urea  being  baaed  upoii  this  reaction,  which  may  be 
represente<l  by  the  equation  : 

(.■ON.II,  +  3NaOBr  =  3NaBr  +  2N  4-  CO,  +  2H,a 
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In  the  chapter  on  Reiiction  it  was  pointed  out  that  urine,  when 
exposed  to  the  air,  gradually  undergoes  ammoniacal  decompositioDy  and 
that  this  process  is  due  to  the  action  of  a  non-organized  ferment ;  the 
iimmonia  is  liberated,  according  to  the  equation  : 

CCV'  4-  IL< )  =  2XH,  4-  CO,. 


The  same  decomposition  may  be  effected  by  heating  a  watery  solu- 
tion of  urea  in  a  sealed  tube  to  100°  C. 

It  might  be  supposed  that  an  accurate  estimation  of  urea  could  be 
made  by  adding  a  solution  of  the  ferment,  which  can  readily  be 
obtained,  to  a  known  quantity  of  urine,  and  then  to  determine  the 
amount  of  ammonia  liberated,  84  parts  of  the  latter  corresponding 
to  GO  parts  of  urea.  The  complete  decomposition  of  the  urea  is, 
however,  only  obtained  with  difficulty,  so  that  the  method  is  a  very 
tedious  one.  The  same  objection,  although  to  a  less  degree,  can  also 
be  urged  against  the  method  commonly  employed,  viz,  tlie  hypobro- 
mite  method  (which  see),  as  1  gramme  of  urea  does  not  yield  372.7 
c.c.  of  nitrogen,  which  would  be  theoretically  required,  but,  at  most, 
only  354.3  c.c. 

Separation  of  Urea  from  the  Urine. — From  50  to  100  c.c.  of 

urine  are  evaporated  to  a  syrupy  consistence  upon  the  water-bath,  and 
extracted  with  100  to  150  c.c.  of  strontr  alcohol,  by  rubbing  up  the 
residue,  while  still  hot,  with  the  alcohol.  Upon  cooling,  the  mixture 
is  filtered,  the  alcohol  evaporated,  and  the  residue  treated  with  pure, 
cold  nitric  acid.  Urea  nitrate  then  separates  out  either  immediately 
or  on  standing.  After  twenty-four  hours  the  crystalline  mass  is 
collected  on  a  muslin  filter,  well  strained  and  freed  from  liquid, 
by  plachig  it  upon  plates  of  clay.  It  is  then  dissolved  in  hot  water, 
and  the  solution,  if  stronjjlv  colored,  jjentlv  warmed  with  animal 
charcoal  and  filtered.  This  solution  is  neutralized  with  barium  car- 
bonate, and  rendered  alkaline  with  barium  hydrate.  The  urea  nitrate 
is  thus  decomposed,  barium  nitrate  and  urea  being  formed  : 

2C0XJI,. II NO3  4- Ba('( )3  =  2(()N,H,  4- Ka( NO,),   j-  II.O. 

The  barium  is  now  removed  by  j)assing  a  stream  of  (carbon  dioxide 
through  the  solution  and  filtering  off  the  precipitate*.  The  filtrate 
is  evaporated  until  any  barium  nitrate  still  remaining  crysbillizes 
out.  This  is  removed  by  deeantation,  when  upon  further  evapora- 
tion the  urea  crystallizes  out,  and  may  be  dried  between  layers  of 
filter-paper  and  recrystallized  from  1)5  to  98  per  cent,  alcohol.  The 
crystals  thus  formed  may  now  be  subjected  to  further  tests.  To  this 
end  a  few  drops  of  an  aqueous  solution  are  added  to  a  few  c.c.  of  a 
sodium  hypobromite  solution,  when  in  the  presence  of  urea  bubbles 
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of  gas  will  be  given  off.  With  a  solution  of  sodium  hypochlorite 
the  same  result  may  be  obtained,  but  in  this  case  the  evolution  of  gas 
only  takes  place  upon  the  application  of  heat.  The  formation  of 
biuret  may  also  be  demonstrated  by  carefully  melting  a  few  of  the 
crystals  in  a  test-tube,  dissolving  the  residue,  when  cool,  in  a  little 
water,  and  alkalinizing  the  solution  with  a  little  sodium  hydrate ; 
upon  the  addition  of  a  drop  or  two  of  a  dilute  solution  of  sulphate 
of  copper  a  beautiful  reddish-violet  color  will  develop,  owing  to  the 
presence  of  biuret. 

The  addition  of  oxalic  or  nitric  acid  to  a  solution  of  urea  will  give 
rise  to  the  formation  of  urea  nitrate  and  oxalate,  as  described  above. 

This  latter  test  may  very  conveniently  be  made  under  the  micro- 
scope. A  drop  of  the  concentrated  solution  is  placed  upon  a  slide^ 
covered,  and  a  drop  of  pure  nitric  acid  added  from  the  side.  Crystals 
of  urea  nitrate  will  then  be  seen  to  separate  out,  and  may  be  recog- 
nized by  their  characteristic  shingle-like  arrangement  (see  Fig.  80). 

When  a  urine  is  very  rich  in  urea  the  mere  addition  of  nitric  acid 
will  cause  a  more  or  less  abundant  precipitation  of  urea  nitrate,  and 
with  this  simple  test  an  idea  may  even  be  formed  of  the  amount 
present.  An  appearance  of  hoar-frost  is  thus  noted  when  not  less 
than  25  grammes  are  present  in  the  litre,  while  the  formation  of 
spangles  of  urea  nitrate  requires  the  presence  of  at  least  45  grammes, 
and  a  heavy  sediment  occurs  when  50  grammes  or  more  are  present. 

Quantitative  Estimation  of  Urea. — The  only  method  which  will 
be  considered  in  detail  is  the  one  based  upon  the  decomposition  of 
urea  into  carbon  dioxide  and  nitrogen,  in  the  presence  of  sodium 
hypobromite.     The  reaction  takes  place  according  to  the  equation  : 

C  ON^H,  +  3NaOBr  =  NaBr  -f  CO,  4-  2H2O  +  2N. 

The  carbon  dioxide  thus  formed  is  absorbed  by  an  excess  of  sodium 
hydrate,  added  to  the  hypobromite  solution,  while  the  nitrogen  is  set 
free,  and  can  be  suitably  collected  and  measured ;  the  determination 
of  the  corresponding  amount  of  urea  then  becomes  a  simple  matter. 
The  only  solution  that  is  necessary  is  one  of  sodium  hypobromite, 
containing  an  excess  of  sodium  hydrate.  A  30-per-cent.  solution  of 
the  latter  should  be  kept  on  hand  and  the  sodium  hypobromite  solu- 
tion prepared,  when  required.  To  this  end  70  c.c.  of  the  sodium 
hydrate  solution  are  diluted  with  180  c.c.  of  water  and  treated  with 
5  c.c.  of  bromine,  in  a  bottle  provided  with  a  ground-glass  stopper, 
the  mixture  being  thoroughly  shaken  until  every  trace  of  free 
bromine  has  disappeared.  The  sodium  hypobromite  solution,  if 
kept  in  a  perfectly  dark  and  cool  place,  may  be  preserved  for  a  week 
or  two.  The  reaction  which  takes  place  between  the  sodium  hydrate 
and  the  bromine  may  be  represented  by  the  equation  : 

2Xa()H  -h  2Br  =  NaBr  -h  NaOBr  4  H,0. 
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Various  forms  of  apparatus,  termed  ureomders^  have  been  sug- 
gested for  the  estimation  of  urea,  by  this  method.  One  which  I 
have  found  verj-  satisfactorv'  is  represwitQd  in  Fig.  82.  It  consists 
essentially  of  a  burette,  C,  with  an  aseending  rubber  tube  attached 
to  the  reservoir  B,  which  can  be  raised  or  lowered,  as  is  required  for 
the  purpose  of  equalizing  the  pressure,  after  the  collection  of  the  gas. 
A  descending  tube  leads  to  a  wide-mouthed  bottle,  A,  which  con- 
tains the  hypobromite  solution.  This  is  closed  by  a  tightly  fitting 
rubber  stopper,  to  which  a  l(X)p  of  platinum  wire  is  attached  carry- 
ing a  little  bucket  made  of  glai?s  or  porcelain ;  this  can  be  swung 
from  its  support  by  inclining  the  bottle. 

Method. — The  rubber  stopper  is  removed  from  the  bottle  A,  and 
water  poured  into  B  until  the  system  BCA  is  filled  to  such  an  ex- 
tent that  the  water-level  is  visible  in  B  above  the  point  where  the 
rubber  tube  is  attiiched.  About  25  to  30  c.c.  of  the  hypobromite 
solution  are  placed  in  the  bottle  A,  and  two  c.c.  of  urine  into  the  little 
bucket ;  this  is  then  attached  to  the  wire  loop.  The  stopper  is  now^ 
carefully  adjusted  and  the  water  in  B  and  C  brought  to  the  same 
level,  when  the  first  reading  is  taken.  A  is  then  inclined  until  the 
little  bucket  drops  into  the  liquid  below.  The  nitrogen  which  is 
liberated  collects  in  the  burette  C,  the  water  falls  in  C  and  rises 
in  B.  After  twenty  to  thirty  minutes  the  pressure  in  C  is  equalized 
by  lowering  B,  until  the  water  in  both  tubes  has  reached  the  same 
level.  The  setrond  reading  is  then  taken,  the  difference  between  the 
two  indicating  the  volume  of  nitrogen  liberated  from  2  c.c.  of  urine 
at  the  temperature  of  the  water  in  CB,  which,  as  well  as  the  baro- 
metric pressure,  should  Ik*  previously  noted. 

As  the  volume  of  gases  is  greatly  infiueiiced  by  tlie  temperature, 
the  barometric  pressure,  and  tlio  tension  of  the  aqueous  vapor,  it 
becomes  necessary,  in  order  that  the  results  reached  shall  be  com- 
parable  to  those  obtained  by  other  observers,  to  reduce  the  volume 
of  nitrogen  actually  noted  to  a  certain  standard.  This  luis  been 
placed  at  0°  C\  and  TOO  mercury  millimetres  pressure,  in  the  absence 
of  moisture.     This  correction   is   made  according  to   the  following 

formula  :  A"  =  ^^...  .  /  ,    ..  ,.,,.,,.,.  ^^^  in  which  V  represents  the  cor- 

/o().(l  -|-  0. ()(''>()<). t)  * 

rected  volume  of  the  gtis  in  terms  of  c.c. ),  v  the  volume  actually  ob- 
served, B  the  l)an)metric  j^ressure  in  llgmm.,  T  the  tension  of  the 
aqueous  va|K)r  at  the  temperature  noted,  t.  The  volume  of  nitrogen 
observed  being  thus  corrected,  the  calculation  ot  the  eorres|X)nding 
amount  of  uiva  is  baseil  upon  the  following:  considerations  :  From 
the  formula  C'OX.IIj  it  is  apparent  that  2  atoms  of  nitrogen  are 
contained  in  1  molecule  of  urea  ;  in  other  woixls,  that  2S  parts  by 
weight  of  nitn>gtMi  o)rrespond  to  GO  parts  by  weight  K>'i  urea.  The 
equivalent  i>f    1    gramme  of  urea   is   then    found   according  to  the 
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«qiiatiou  :  60  :  28  :  :  1  :  X,  and  x  =  0.46666.      The  volume  corre- 
sponding to  0.4666  gramme  of  dry  nitrogen  at   0°  C  and  760 
Hgmm.  pressure  is  372,7  c.c.     It  has  beeu  found,  however,  that 
only    ;154.3    c.c.  of  nitrogen   are 
ovolveil    from   1  gramme  of  urea  f'o-  82. 

at  best,  when  the  hypobromite 
method  is  employed.  Knowing 
that  .'{•j4.3  c.c.  of  nitrogen  corre- 
spond to  1  gramme  of  urea,  the 
amonnt  of  urea,  to  which  the  vol- 
ume of  nitrogen  actually  observed 
is  referable,  would  then  be  found 
according    to    the   equation :     1    : 

3")4..S  :  :  s  :  y,  and  x  =  .,yj-s,   '" 

which  y  denotes  the  numl)er  of 
c.c.  of  nitrogen  evolved  from  2 
c.c.  of  urine,  and  x  the  correspon- 
ding amount  of  urea.  In  order 
to  ascertain  the  percentage-amount 
of  urea  it  is  only  necessary  to  mul- 
tiply the  figure  just  obtained  by 
-50. 

Precautions :  1.  The  urine  must 
be  free  from  albumin.  2.  It  should 
contain  only  about  1  per  cent,  of 
urea — /.  c,  not  more  than  0,025 
gramme  in  2  c.c.  Whenever  a 
greater  amount  is  noted,  therefore, 
the  urine  is  diluted  to  the  proper 
degree,  due  allowance  being  made 

in  the  calculation.  The  mtbpi'i  ureomelet. 

In    onlinary   clinical  work  the 
barometric  pressure,  as  well  as  the  tension  of  the  aqueous  vapor, 
may   be    ignored,  and   in   the   tables  appended   the  corresponding 
amount  of  urea  may  be  directly  read  off  at  the  temperatures  5°,  10°, 
1'}°,  20°,  •lTi°,  and  30°  C. 
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Urea.    Table  for  a  Temperature  of  5°  C. 


1 

1.32 

Vio 

1.45 

■ho 

1.58 

^/lo 

1.71 

\'io 

1.85 

•V.o 

1.98 

•2.11 

[      2.24 

V.C 

1 

2.37 

2 

2.64 

2.77 

•2.90 

3.03 

3.17 

3.:«) 

3.43 

3.5«> 

3.69 

3 

3.96 

4.09 

4. '22 

4.;ii> 

4.49 

4.62 

4.75 

4.88 

.5.02 

4 

5/28 

5.41 

5.W 

5.68 

.5.81 

5.94 

ti.07 

6.20 

6..^ 

5 

6.60 

6.73 

6.87 

7.00 

7.13 

7.2i; 

7.39 

7.53 

7.66 

6 

7.92 

8.05 

8.19 

8.:F2 

8.45 

8..5S 

8.71 

'      8.85 

8.98 

7 

9.24 

9.38 

9.51 

9.t>4 

9.77 

9.90 

10.04 

10.17 

10.30 

8 

10.56 

10.70 

lO.Ki 

10.96 

11.09 

11. '22 

11.36 

,    11.49 

11.62 

9 

11.89 

12.02 

12.15 

12.28 

12.41 

1'2..V> 

V2.68 

12.81 

1-2.94 

10 

13.21 

13.»4 

1    13.47 

13.60 

13.73 

13.87 

14.00 

14.13 

14.26 

11 

14..^^ 

14.66 

14.79 

14.92 

15.0t) 

1,V19 

15.32 

15.45 

15.58 

12 

15.85 

15.98 

16.11 

16.'24 

I6.:w 

16.51 

16.64 

16.77 

16.90 

13 

17.17 

17.30 

17.43 

17.57 

17.70 

17.8:1 

17.96 

18.09 

18.2:1 

14 

18.49 

18.62 

18.75 

18.89 

19.02 

19.15 

19.28 

19.41 

19.55 

15 

19.81 

19.JM 

'20.08 

'20.'21 

'20.34 

•20.47 

•20.60 

20.74 

20.87 

16 

•21.13 

21. '26 

21.40 

21. 5:^ 

•21.rrf> 

•21.79 

21.92 

2:1.06 

22.19 

17 

•22.45 

•2:^.59 

•22.72 

2-2.85 

•22.98 

•2:1.11 

•23.25 

•23.38 

21.51 

18 

•2:t.77 

•23.91 

•24.04 

•24.17 

21.30 

•24.43 

•24.57 

24.70 

24.8:1 

19 

1    25.10 

'25.2:^ 

•25.3«> 

•25.49 

•25.(V2 

•25.76 

•25.89 

'26.02 

•26.15 

20 

•26.42 

•26.55 

•2tK68 

'26.81 

'26.94 

•27.08 

•27.21 

27.;u 

•27.47 

21 

•27.74 

•27.87 

•28.00 

•28.13 

•28.^27 

•28.40 

•28.55 

28.66 

28.79 

22 

i    29.06 

•29.19 

•29.32 

•29.45 

•29.59 

•29.  ?2 

•29.^5 

•29.98 

:10.11 

•23 

30.;i8 

:w.5l 

:M).64 

30.78 

:«).9l 

31.04 

:il.l7 

3i.:io 

31.44 

24 

31.70 

31.83 

31.9<i 

32.10 

32.2:^ 

:12.:J6 

:?2.49 

:12.62 

32.76 

25 

:«.02 

3:^15 

:w.*29 

3;l.42 

:13.55 

:w.(i8 

:i:l.81 

:i:i.95 

•^.08 

•26 

a4.34 

34.47 

;i4.61 

:m.74 

;VI.87 

;  ;v>.oo 

:i5.]3 

:15.'27 

?15.40 

27 

;  x^M 

:i5.80 

35.93 

:k).ot; 

.T<'..19 

:16.32 

:Vi.46 

:16..59 

:i6.?2 

'28 

36.98 

37  12 

37.*2r> 

37.:W 

37.51 

:{7.64 

:17.78 

I    :17.91 

^8.04 

29 

1  ;«.3i 

:w.44 

38.57 

ii8.70 

38.83 

:18.97 

:w.lO 

!    :19.^28 

:19.36 

30 

39.6:^ 

39.76 

39.89 

40.02 

.    40.15 

40.-2'.) 

40.42 

'    40..55 

40.68 

9/ 


10 


•2.51 
3.« 
.5.15 
6.47 
7.79 
9.11 
10.43 
11.75 
13.07 
14.39 
15.72 
17.W 
18.36 
19.68 
21.00 
22.:J2 
23-64 
•24.96 
•26.28 
27.60 
28.93 
.•».25 
H1.57 
32.89 
34.21 
35..53 
36.85 
:58.17 
39.49 
40.81 


Urea.     Tahle  for  a  Temperature  of  10°  C 


1 

'/.o 

""/lO 

^','.0 

■';u. 

•'  10 

'V'lO 

"/.o 

^lo 

"ho 

1 

1.31 

1.4:^ 

1..V, 

1  .m 

1.S2 

1 .95 

2.  OS 

•2.21 

2.34 

2.47 

•  > 

'2.  GO 

•J.7:t 

-2..N; 

2.W 

:;.12 

:;.25 

;;.:is 

:?.5l 

:{.64 

:1.77 

3 

3.W 

J.O:i 

1.1('> 

1.2V 

1.12 

I..V. 

l.c.s 

l.Sl 

4.94 

5.07 

4 

5.'_»0 

5.:r. 

.'>.ir. 

5.5<.» 

5.72 

.')..^') 

5. '.IS 

6.11 

6.24 

6.:17 

5 

6.50 

♦•..:'^; 

6.76 

•  >..S'.» 

7.0-2 

7.15 

7.-2S 

7.41 

7..">4 

7.67 

6 

7.80 

~.\K\ 

s.tn; 

h.l'.t 

S.:V2 

s.  ;.'> 

S..\'< 

S.71 

S.M 

8.97 

7 

9.10 

<».2:t 

9.:ir. 

9. 19 

'.».(V2 

•.•.7') 

'.».KS 

10.01 

10.14 

10.-27 

8  , 

10.40 

10..V. 

1  ().♦;<; 

10.79 

10. '.••2 

1 1 .05 

11. IS 

11. :U 

11.4  4 

11. .57 

9 

11.71 

ll.M 

1 1  .'.»7 

12.10 

12.2:; 

12.:;r. 

12.10 

12.t;2 

1-2.75 

12.88 

10 

l:i.01 

1:5.14 

l:i.27 

1:;.1U 

l:;.."»:; 

i:;.«w, 

l:;.70 

l:;.»»'2 

1 4.05 

14. IS 

11 

I4.:i0 

14.41 

11.57 

1 4.70 

14.,s:; 

ll.'.C. 

U^.O*.* 

l.'v22 

15.:^) 

15.48 

12 

i.^).a) 

15.74 

1.-..S7 

l(i.()0 

IC.l:'. 

l(-,.-_'t; 

it;.:;o 

ir..:>j 

16.«v> 

16.7S 

l:{ 

16.91 

17.01 

17.17 

17.:50 

17.  i;; 

I7.."h; 

17.t.9 

17.S2 

17.0.-> 

18.0S 

14 

18.21 

1S..14 

1.S.17 

IS.Crf) 

ls.7:; 

l^.Hli 

1S.09 

10.12 

10.25 

19.  as 

15 

19.51 

19.61 

19.77 

19.90 

2u.li;; 

•2o.it; 

•20.-2<.» 

20.42 

•20.. V) 

•20.«i.S 

16 

•20.KI 

'20.94 

21.07 

21. -20 

21. :t; 

21.16 

21.."»9 

21.72 

21.,s.-. 

-21. 9H 

17 

•2'2.U 

'22.24 

•22.:{7 

22..V) 

•2:2Ay.\ 

■22. 7<; 

-22. so 

•2:5.02 

■2:5.15 

'2:i.-2S 

18 

•2:1.41 

'2:i!.51 

2:5.  r,7 

2;*...'<o 

2: '..9:; 

24.0«; 

21.10 

2l.:;2 

21.1.'> 

-24..5S 

19 

'24.72 

24. S.-. 

24. 9H 

2.->.ll 

•2.->.21 

•25.:;7 

■25.. V) 

•2r).i\:\ 

2.'..7«; 

•2V89 

•20 

■26.02 

•26.15 

•26.'2H 

^•2.;.  11 

•26.51 

'2i;.«;7 

•2f;..so 

■2t;.o:; 

■27. 0«-. 

-27.19 

21 

•27.:12 

•27.15 

•27.:>H 

^  -27.71 

•27.  M 

27.97 

2S.10 

"2**.  2:; 

•2s.:5ri 

•28.49 

•22 

•28.62 

,    -28.75 

2H.S,S 

-".J.Ol 

■29. 1 1 

•29.27 

•20.40 

•2'.»..'»:; 

•20. r^; 

-29.79 

23 

•29.92 

:10.05 

30.18 

:{0.31 

:i0.l4 

:iO.'.7 

:;o.70 

:;o.,s;5 

.-.o.^«; 

31.09 

24 

31. •22 

3l.:i5 

:n.is 

:'.l.6l 

:;i.7i 

:u.s7 

:;2.oo 

:;2.l:; 

;;2.^2r. 

32.:i9 

25 

32  52 

;i2.f».-> 

'.V2.1S 

:V2.91 

:'k{.oi 

;;;;.17 

i.J.liO 

:l:5.  i:>, 

:;:5..'x; 

:l:1.69 

26 

3:1.82 

:i;i.95 

•M.m 

:{4.2l 

:u.:u 

:;i.i7 

:;i.r,o 

:51.7:; 

:;i.s«; 

34.99 

27 

35.12 

3.'>.'25 

3.'>.:w 

:i5.5i 

:r>.6i 

:r..77 

:i\\H) 

:;r..o:; 

:;»;.ir. 

:V..29 

•28 

36.42 

3r..;V> 

:i6.r)8 

:U).si 

:;6.94 

:{7.o7 

:;7.20 

:;7.16 

37.59 

29 

37.73 

:'.7.8**. 

:i7.w 

;w.i2 

.{S.l.'} 

:;.s.:'>,s 

:is.5l 

:*-s.61 

:'»s.77 

:;8.90 

30  i 

39.0,1 

39.16 

39.-2*» 

:59. 12 

39..V) 

:59.(vS 

:v.).si 

:;o.oi 

10.07 

40.'20 
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Urea.    Table  fob  a  Temferatube  of  16°  C. 


V 


1 
•> 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

'26 

27 

28 

29 

30 


1.28 

2.56 

3.M 

5.12 

6.40 

7.68 

8.96 

10.24 

11.53 

12.81 

14.09 

15.37 

16.65 

17.9:^ 

19.21 

'20.49 

21.77 

'23.a'> 

24.31 

25.62 

26.90 

28.18 

29.46 

30.74 

32.02 

33.30 

34.58 

.^5.86 

37.15 

38.43 


10 


1.41 

2.69 

3.97 

5.25 

6.5:? 

7.81 

9.09 

10.37 

11.65 

12.93 

14.22 

1.5.50 

16.78 

18.06 

19.34 

20.62 

21.90 

23.18 

24.46 

25.74 

27.0:5 

•28.31 

29.59 

:J0.87 

.32.15 

33.43 

34.71 

3.5.99 

37.27 

:«.55 


V 


10 


V 


10 


V 


10 


5 


/ 


1.53 

1.66 

2.81 

2.94 

4.10 

4.22 

5.38 

5.50 

6.60 

6.79 

7.94 

8.07 

9.22 

9.35 

10.50 

10.63 

11.78 

11.91 

13.06 

13.19 

14.34 

14.47 

15.62 

15.75 

16.91 

17.08 

18.19 

18.31 

19.47 

19.60 

20.75 

20.88 

22.03 

22.16 

'23.31 

23.44 

24.59 

•24.72 

•25.87 

26.00 

27.15 

•27.28 

•28.43 

28.56 

*29.?2 

29.84 

31.00 

31.12 

32.28 

32.41 

.•«.56 

33.69 

.34.&4 

.34.97 

36.12 

.%.^25 

37.40 

37.58 

38.68 

.38.81 

1.79 

3.07 

4.35 

5.63 

6.91 

8.19 

9.48 

10.76 

12.04 

13.32 

14.60 

15.88 

17.16 

18.44 

19.72 

21.00 

22.29 

23.57 

24.85 

26.13 

27.41 

28.69 

'29.97 

31.25 

32.5:? 

33.81 

35.10 

.36.38 

37.66 

.38.94 


10 


1.92 

3.20 

4.48 

5.76 

7.04 

8.32 

9.60 

10.88 

12.17 

13.45 

14.73 

16.01 

17.*29 

18.57 

19.a5 

'21.13 

'22.41 

23.69 

'24.98 

26.26 

'27  M 

28.82 

30.10 

31.38 

3*2.66 

33.94 

35.42 

:56.50 

37.79 

39.07 


Vio 

Vio 

2.17 

2.04 

3.33 

3.46 

4.61 

4.74 

5.89 

6.02 

7.17 

7.30 

8.45 

8.58 

9.73 

9.86 

11.01 

11.14 

12.29 

12.42 

13.57 

L3.70 

14.86 

14.96 

16.14 

16.26 

17.42 

17.55 

18.70 

18.83 

19.98 

20.11 

21.26 

'21.39 

22.&4 

22.67 

'23.82 

•23.95 

•25.10 

•25,23 

26.38 

26.51 

27.67 

27.79 

28.95 

25.07 

30.'23 

30.36 

31.51 

31.64 

32.79 

32.92 

34.07 

34.20 

35.35 

35.48 

36.63 

36.76 

,37.91 

38.04 

39.12 

39.32 

V 


10 


2.30 

3.58 

4.87 

6.14 

7.43 

8.71 

9.99 

11.27 

12.55 

18.83 

15.11 

16.39 

17.67 

18.95 

20.24 

21.52 

22.80 

24.08 

25.86 

26.64 

27.92 

29.20 

30.48 

31.76 

33.a5 

34.33 

35.61 

36.89 

38.17 

39.45 


V 


10 


2.43 
3.71 
4.99 
6.27 
7.55 
8.83 
10.12 
11.40 
12.68 
13.96 
15.24 
16.52 
17.80 
19.06 
20.86 
21.64 
22.98 
24.21 
25.49 
26.77 
28.05 
29.33 
30.61 
31.89 
33.17 
34.45 
35.74 
37.02 
38.80 
39.58 


Urea.     Table  for  a  Temperature  of  20°  C. 


1 

1.26 

Vio 

1.38 

Vio 

1..51 

Vio 

1.63 

Vio 

1.76 

Vio 

1.89 

'Vio 

2.01 

Vio 

2.14 

Vio 

Vio 

1 

2.26 

;       2.89 

2 

'2.52 

2.W 

2.77 

2.90 

3.02 

3.16 

3.27 

3.40 

3.53 

3.65 

3 

3.78 

.3.91 

4.03 

4.16 

4.'28 

4.41 

4.M 

4.66 

4.79 

4.91 

4 

5.W 

5.17 

5.^29 

5.42 

5..'>4 

5.67 

5.80 

5.92 

6.05 

6.17 

5 

6.30 

6.43 

6.55 

6.68 

6.81 

6.9:3 

7.06 

7.18 

7.31 

7.44 

6 

7.56 

7.69 

7.81 

7.W 

8.07 

8.19 

8.32 

8.44 

8.57 

a7o 

8.82 

8.95 

9.08 

9.20 

9.3:3 

9.45 

9.58 

9.71 

9.83 

9.96 

8 

10.08 

10.'2l 

10.^ 

10.46 

10.59 

10.71 

10.W 

10.97 

11.09 

11.22 

9 

11.35 

11.47 

11.  W 

11.72 

11.^5 

11.98 

12.10 

12.23 

12.35 

12.48 

10 

12.61 

1'2.73 

12.86 

1-2.98 

13.11 

13.24 

13.36 

13.49 

13.61 

18.74 

11 

13.87     i 

13.99 

14.12 

14.'25 

14.37 

14.50 

14.62 

14.75 

14.88 

15.00 

12 

15.13 

15.25 

15.38 

15.51 

15.6:3 

15.76 

15.88 

16.01 

16.14 

16.26 

13 

16.39 

16.52 

16.W 

16.77 

16.89 

17.02 

17.15 

17.27 

17.40 

17.52 

14 

17.65 

17.78 

17.90 

18.03 

18.15 

18.28 

18.41 

18.53 

18.66 

18.78 

15 

18.91 

19.04 

19.16 

19.'29 

19.42 

19.W 

19.67 

19.79 

19.92 

20.06 

16 

20.17 

20.30 

•20.42 

20.55 

•20.68 

•20.80 

'20.93 

21.a5 

21.18 

21.31 

17 

21.43 

'21.56 

•21.69 

21.81 

'21.94 

22.06 

22.19 

'22.32 

22.44 

22.57 

18 

'2'2.fi9 

'22.82 

•22.95 

•23.07 

•23.20 

'23.32 

23.45 

23.53 

23.70 

23.88 

19 

'23.96 

24.08 

•24.-21 

24.33 

•24.46 

24.59 

•24.71 

24.^ 

24.96 

25.09 

'20 

'25.'22 

•J5.a4 

•2.5.47 

25.59 

•25.72 

'25.85 

25.97 

26.10 

26.22 

26.35 

21 

26.48 

'26.60 

•26.73 

26.86 

26.98 

'27.11 

•27.'23 

27.36 

27.49 

27.61 

22 

27.74 

•27.86 

•27.99 

•28.12 

28.24 

28.37 

•28.49 

28.62 

28.75 

28.87 

•23 

•29.00 

29.13 

'29.'25 

'29..38 

29.50 

29.63 

'29.76 

29.88 

30.01 

30.18 

'24 

30.26 

30..39 

30.51 

30.64 

30.76 

30.89 

31.02 

31.14 

31,27 

31.39 

25 

31.52 

31. &5 

31.77 

31.90 

32.03 

32.15 

.32.28 

32.40 

32.53 

32.66 

26 

32.78 

32.91 

33.0:i 

33.16 

33.29 

33.41 

.33.M 

33.66 

33.79 

33.92 

27 

34.(M 

34.17 

."M.SO 

34.42 

34.55 

:m.67 

M.90 

34.93 

35.05 

35.18 

'28 

35.30 

35.43 

.35.56 

35.68 

35.81 

35.93 

36.06 

36.19 

36.31 

36.44 

29 

36.57 

36.69 

.36.82 

36.M 

37.07 

,37.20 

37.32 

.37.45 

37.57 

87.70 

30 

37.83 

37.9.'. 

38.08 

38.'20 

38.33 

38.46 

38.58 

38.71 

38.83 

38.96 

22 
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Urea.    Tabl£  fob  a  Temperature  of  25®  C 


0 

■    VlO 

'/lO 

^10 

VlO 

VlO 

*/io 

VlO  ' 

VlO 

9  ' 
^10 

1 

'      1.-2I 

i.;<6 

1.49 

1.61 

1.73 

1.86 

1.98 

2.11 

2.^3 

2.S 

2 

2.48 

2.W 

2.73 

2.85 

2.97 

3.10 

3*22 

3^ 

3.47 

3^ 

3 

3.72 

3.>y4 

3.97 

4.09 

4.22 

4.:« 

4.46 

4.59 

4.71 

4.84 

4 

A.'Hi} 

.0.08 

.0.21 

5..^i 

5.46 

5.58 

.5.70 

5.83 

5.96 

6.06 

6 

Kt'M 

6.:« 

6.4:» 

6Ji7 

6.70 

6.82 

6.95 

7.07 

7.19 

7.32 

e 

7.44 

1J>1 

i.m 

7.81 

7.94 

8.06 

8.19 

8.31 

8.43 

8.50 

7 

8.68 

8.81 

8.93 

9.06 

9.18 

9.30 

9.43 

9.55 

9.68 

9.80 

8 

,    v.y2 

lO.OTj 

10.17 

10.30 

10.42 

10.54 

10.67 

10.79 

10.92 

10.04 

» 

'    11.17 

11.29 

11.41 

ll..'>4 

11.66 

11.79 

11.91 

12.03 

12.16 

•     12L28 

10 

1    12.41 

12..'*:$ 

IJ.^iTi 

L^.78 

12.90 

13.03 

1.3.15 

13.27 

13.40 

13.52 

n 

,    VA.fy't 

13.77 

13.89 

14.02 

14.14 

14.27 

14.39 

14.52 

14.^ 

14.76 

]2 

UM 

l.O.Ol 

iri.14 

15.-2f> 

1.5.38 

15..51 

15.63 

15.76 

15.88 

,      16.00 

13 

16.13 

16.25 

16..'JH 

16.00 

16.63 

16.75 

16.87 

17.00 

17.12 

17.36 

H 

17.37 

,    17.49 

17.62 

17.74 

17.87 

17.99 

18.11 

18.24 

18.36 

ia49 

15 

18.61 

,    18.74 

18.8»; 

18.98 

19.11 

19.23 

19.86 

19.48 

19.60 

i      19.73 

1« 

iv.8r> 

1    19.98 

•20.10 

20.22 

20.:i5 

20.47 

20.60     , 

20.?2 

20.84 

20.97 

17 

21  .(W 

21.22 

21  .:w 

21.47 

21.59 

21.71 

21.84 

21.96 

22.09 

2121 

18 

22.$i 

22.46 

22.58 

22.71 

22.83 

22.95 

•23.08 

23.20     : 

23.33 

'     23.45 

19 

23.58 

2:i.70 

23.82 

23.95 

24.07 

•24.-20 

24.32 

24.44 

24.57 

,     24.69 

'20 

24.82 

24.94 

25.06 

25.19 

2.5.31 

•25.44 

25.56 

25.68 

1^81 

2S.98 

'il 

25.06 

:    '26.18 

26.:J0 

26.43 

26..55 

26.68 

26.80 

26.92 

27.05 

27.17 

'22 

'27.:«) 

27.42 

27.r»5 

27.67 

27.79 

27.92 

•28.04 

28.17 

28.29 

28.41 

•2:j 

28.M 

28.(i6 

28.79 

28.91 

29.04 

29.16 

•29.28 

29.41 

29.53 

29.66 

'24 

29.78 

29.90 

30.0:i 

:».i5 

30.28 

:^0.40 

30.52 

30.65 

30.77 

30.90 

'2ft 

31.02 

31.15 

!    31.27 

31.39 

31.52 

31.64 

31.77 

31.89 

32.01 

32.14 

'26 

32.26 

:i2.39 

:r2.r>i 

:r2r.3 

:«.76 

:i2.88 

;«.oi 

33.13 

33.25 

i     83.38 

'27 

Xi.fM 

•X\M\ 

:«.7r) 

'   :w.88 

:V4.00 

:m.12 

34.25 

31.37 

34.50 

34.62 

'28 

34.74 

34.87 

31.99 

:V5.12 

:$5.24 

a5.3<) 

:y>.49 

35.61     , 

35.74 

35.86 

'29 

:tt.99 

:j6.n 

m:£.\ 

\y^:M\ 

3(>.48 

3«i.61 

36.73 

36.S5 

36.96 

37.10 

:io 

in.zi 

37.:t.'i 

37.47 

1    37.60 

37.72 

37.85 

37.97 

38.09 

38-22 

38.24 

Urea.     Taijle  for  a  Temperature  of  30°  C. 


0 

'/.« 

•-7.0 

VlO 

■'/.« 

"•VlO 

«/io 

'/lO 

VlO 

VlO 

1 

1.22 

1.31 

1.16 

i.r)8 

1.71 

1.8:5 

1.95 

2.07 

2.19 

2.32 

2.41 

2  rxj 

2.(W 

'      2.80 

2.9:5 

3.05 

:5.17 

3.'29 

3.41 

2.54 

3 

3.(Mt 

1      3.7M 

3.«H) 

4.():{ 

1.15 

■1.77 

•i.:i9 

4.51 

4.64 

4.76 

4 

4. KM 

'      5.Q(> 

5.12 

1      5. '25 

5.;{7 

5.49 

5.61 

5.73 

.5.86 

5.98 

5 

6.10 

<i  11 

»1.35 

'      6.17 

6.59 

6.71 

6.8:5 

6.1)6 

7.08 

7.20 

6 

7.32 

7.11 

7.57 

7.69 

7.81 

7.9:5 

8.05 

8.18 

8.:«) 

8.42 

7 

8.51 

H.r»7 

8.7*» 

8.91 

9.0:? 

9.15 

9. '28 

9.U) 

9.52 

9.&4 

8 

9.76 

9.89 

10.01 

10.13 

10.25 

10.:57 

10.  .V) 

10.62 

10.74 

10.86 

9 

lO.W 

11.11 

11.2:? 

n.;i,5 

11.17 

li.»;o 

11.72 

11.81 

11.96 

12.08 

10 

12.21 

ri.ici 

12.15 

12.57 

12.  (i9 

12.82 

12.91 

12.1H; 

1:5.18 

13.30 

11 

13. 13 

13.  .v. 

l:i.67 

l:?.79 

1    i:5.v»2 

11.01 

14.16 

11. '28 

14.40 

14.5;^ 

12 

HU'i 

11.77 

U.HH 

15.01 

15.11 

1.5.'J6 

15:58 

l.\5i) 

15.62 

15.75 

13 

15.><7 

i5.\n) 

16.11 

16.21 

I6.:u> 

16.18 

16.61) 

16.72 

16.85 

16.97 

14 

17.(W 

17.21 

I7.;'v{ 

17.16 

17..\S 

17.70 

17.82 

17.9^1 

18.07 

18.19 

15 

18.31 

18.43 

I8.r.<» 

iS.fvS 

18.80 

18.1>2 

19.1M 

19.17 

19. '29 

19.41 

16 

19.W 

19.(15 

19.78 

19.90 

2().02 

•20.14 

'20.'26 

•Jl).:>9 

•20.51 

20.6:1 

17 

•20  75 

20.88 

21.00 

21.12 

21.24 

2i.:5r, 

21.49 

21.61 

21.73 

•21. as 

18 

21.97 

•22.10 

'22  ■*■' 

•2J.34 

'22.46 

•22..5S 

•22.71 

•22.S'5 

'22.95 

23.07 

19 

'23.19 

•2:{32 

•23.  n 

'1^.\>^C^ 

*2:'».rKS 

•23.81 

'25.93 

•J4.1C. 

'J4.17 

•24.29 

21) 

21.42 

21.51 

2i.«.«; 

2I.7S 

21.«H) 

•J.'vO:5 

•2'>.l.-> 

•2'».-27 

'25.:59 

'2.5.51 

21 

•2f»  (•».-» 

•r>.76 

•J5.S8 

26.1H) 

'J6. 1:5 

26.2.'» 

•Jf..:57 

•26.49 

•2f..61 

26.74 

«►> 

•2ti.S6 

•26.*»8 

•27.10 

•27.-22 

•27.:5.-> 

•27.17 

•J7.59 

•27.71 

•27.8:5 

•27.96 

■23 

•28.(»S 

•28.21) 

•2S.4.'> 

28.57 

•28.f.9 

•2S.M 

>.9:5 

•29.  (h; 

•29.18 

24 

•29.:u> 

•J\».(2 

•2'.».5l 

•29.67 

'2\».79 

•2^.».9l 

:50.0:5 

:io.i."> 

:'^).*28 

30.40 

•25 

:w.52 

:U).6l 

:'A).77 

;i0.89 

31.01 

:5l.i:5 

:51.J5 

;;i.:'vs 

:•>!..» 

31,62 

•26 

31.71 

3l.8»'. 

:U.99 

:t2.n 

:52.'2:5 

:52.:5.'> 

:'.J.  17 

;vJ.«.o 

:;2.72 

:«.5M 

•27 

:«.96 

;i;{.09 

:i:i.2l 

:K5.15 

.>■<   -  — 

:5;;.70 

i'wI.Sj 

:v;.9l 

;«.06 

•28 

iU.18 

31.31 

31.43 

3I..V> 

:51.67 

:il.79 

:5r92 

:'^"».oi 

:'».'».  !♦'» 

35.28 

'29 

li5.41 

;v>..\:*. 

:*w'».«'wS 

:i.^.77 

;c>.s9 

:i«i.02 

:ki.U 

:;6.-ji". 

:k"..:is 

:?6.50 

30 

:u>.6;i 

:u;.75 

:Ui  s7 

:5t;.i»^.» 

:57.ii 

:57.2l 

\\-.  IS 

:J7.(X> 

37.72 
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Of  other  forms  of  apparatus,  the  ureometers  devised  by  Doremus, 
GrecD,  Marshall,  Huffner,  and  Squibb  may  he  mentioned. 

The  latest  modification  of  Doremus'  apparatus  is  certainly  most 
convenient,  and  can  be  highly  recommended.  Its  general  construc- 
tion is  seen  in  Fig.  83.  A  small  amount  of  urine  is  poured  into  B 
while  the  stopcock  (C)  is  closed.  This  is  then  opened  for  a  moment 
and  again  closed,  so  as  to  fill  its  lumen.  The  tube  {A)  is  washed 
out  with  water  and  filled  with  the  hypobromite  solution.  The  tube 
(B)  is  filled  with  urine,  when  1  c.c. 
or  less,  if  the  urine  is  concentrated, 
is  allowed  to  mix  with  the  hypobro- 
mitc  solution  in  A.  After  all  bub- 
bles of  gas  have  disappeared  the 
reading  is  taken.  The  decrees 
marked  upon  the  tube  indicate  di- 
rectly the  number  of  grammes  or 
grains  of  urea,  contained  in  the 
amount  of  urine  employed.' 

Gieai's  apparatus  (Fig.  84)  con- 
sists of  a  tube,  graduated  in  c.c, 
and  blown  out  at  the  bottom  into  a 
wider  ]X)rtion,  holding  about  50  to 
60  C.C.  The  bulb  is  provided  with 
a  side-tube,  into  which  a  bent  funnel- 
tube  can  be  inserted  for  the  purpose 
of  equalizing  the  pressure.  The 
side-tube  having  been  detached,  the 
apparatus  is  filled  Avith  sodium  hypo- 
broniite  solution,  when  2  c.c.  of 
urine,  diluted  if  necessary,  are  intro- 
duced by  means  of  a  graduated  and 
bent  pipette.  After  all  bubbles  of 
gas  have  disappeared  the  funnel-tube 
is  inserted  into  the  side-opening  and 
filled  with  hypobromite  solution 
until  the  level  in  both  tubes  is  the 
same.  The  volume  is  then  noted,  corrected,  and  the  corresponding 
amount  of  urea  calculated  as  described. 

Marshals  apparatxia  is  a  conveniently  modified  form  of  Green's, 
and  is  used  in  the  same  manner  (Fig.  86). 

Iliiff^aer'x  apparatus  is  excellent  (Fig,  86).  It  consists  of  a  small 
bulb,  A,  of  0  c.c.  capacity,  which  is  separated  from  a  larger  bulb, 

'  Instead  of  emptoj'inc  the  Bolntion  described  on  page  333,  It  b  sufficient  to  Sll  the 
long  arm  of  the  tube  with  a  solution  containing  lOOgrammei  of  cauEtic  iioda  dimolved 
in  2^)0  cc.  of  dbtilled  water,  and  lo  add  1  c.c  of  bromine  and  a  sufficient  unount  of 
water  to  fill  the  bend  of  the  lube. 
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C,  holding  alioot  100  o.c,  by  a  well-oiled  glass  stopcock.  The 
upper  end  of  C  is  drawn  out  to  such  an  extent  that  the  eudiometer 

D,  which  18  about  30  em.  long,  2  cm.  wide,  and  divided  into  fifths 
of  C.C.,  can  l>e  passed  over  it  for  a  short  distance.  The  bowl  E, 
fitted  over  C  by  means  of  a  cork,  ?er\'es  to  hold  a  portion  of  the 
hypobromite  solution. 

The  exact  capacity  of  A  and  of  the  lumen  of  the  stopcock  mnst 
be  se[>arately  determined  for  each  instrument. 

METHOJi. — The  bulb  A  and  the  lumen  of  the  stopcock  are  filled 
with   urine   which   has   l^een  diluted,  if  necessary.      The   stopcock 
having  l>een  closed,  C  is  washed  out  carefiilly  with 
distilled  water  and  filled  with  the  hypobromite  solu-  Fio.  86. 

tion    until   the    liquid   in  the   dish    stands  several 
cm.    alK>ve   the   mouth  of  C.     The   eudiometer   is 


Fio.  84. 


Fig.  85. 


(Jr**en's  urt'Oineter. 


MarjihftU's  iircDiintrr. 


lliirtn«'r's  ureometer. 


next  filU'il  with  the  same  sohition,  carefully  submeroroil  in  the  liquid 
iH>ntaine<l  in  the  dish,  and  ailjusttHl  over  the  mouth  of  (\  The 
urine  in  A  is  then  allowed  to  mix  with  the  hypobromite  solution 
very  gradually,  by  ojH'uinjj:  the  sto|K\>ek.  After  all  bubbles  of  gas 
have  disiipptnired  the  euiliometer  is  tnmslenvd  to  a  eyliiuler  tilled 
with  water  and  thonni^jhlv  immerstnl.  At\er  twentv  to  thirtv 
minutes  the  level  of  the  Hquiil  in  the  tuU*  anil  that  ot"  the  outside 
water  are  tHiualiztH.1  and  the  readiuir  taken.  The  temperature  of 
the  water  Wing  likewise  noteib  the  vi>lume  of  the  ir*v>  i^  ^.vrreeteil 
and  the  i*orres|H>nding  amount  of  urea  aileiilattHl. 
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Squibb's  Method. — This  method,  like  that  of  Doremus,  may  be 
highly  recommended  to  the  practitioner  for  its  simplicity.  The  ap- 
paratus (Fig.  B7)  consists  of  two  ordinary  medicine -bottles,  A  aud 
B.  Ill  A  the  nitrogen  is  evolved.  B  is  closed  by  a  doubly  perforated 
rubber-stopper,  a  straight  tnbe  jiassing  through  the  upper  aperture 
and  connecting  with  the  bottle  A.  Another  tube,  bent  dowuward 
and  carrying  a  clamp,  as  seen  in  the  figure,  leads  to  a  graduated 
cylinder,  E.  B  contains  a  sufficient  amount  of  water  for  the  bent 
tube  to  dip  into;  25  to  30  c.c.  of  the  hypohromite  solutioD,  and  a 
small  tube  containing  5  c.c.  of  urine,  diluted  if  necessary,  according 
to  the  specific  gravity,  are  placed  in  A,  the  clamp  at  E  being  closed. 
The  rubber-stopper  is  now  firmly  inserted  and  E  opened,  when  a 
few  drops  of  water,  which  may  be  disregarded,  will  escape.  The 
graduated  cylinder  is  then  placed  beneath  the  outflow-tube  and  the 
bottle  A  inclinetl.     The  nitrogen  collecting  in  B  displaces  its  own 


Squlbb-i  utiwmeter. 

volume  of  water,  which  flows  out  and  is  collected  in  E,  whence  the 
corresponding  amount  of  urea  may  be  calculated. 

It  should  be  mentioned  that  sodium  hypobromite  liberates  nitro- 
gen, not  only  from  urea,  but  also  from  the  other  nitrogenous  con- 
stituent!^ of  the  urine  ;  the  error  thus  incurred,  however,  appears 
just  to  counterbalance  the  deficit  in  the  amount  of  nitrogen  ohtUD«d, 
and  corresponds  to  1  gramme  of  urea. 

EBtimation  of  Nitro^en.^For  the  purpose  of  estimating  the  total 
amount  of  nitrogen  in  the  urine,  the  method  of  Kjeldahl  or  that  of 
Will-Varrentrapp  is  most  conveniently  employed. 

Kjei,dahi,'s  Method: — Principle:  The  oi^anic  matter  of  the 
urine  is  decomposed  by  means  ofsulphuric  acid,  when  all  the  nitrogen, 
which  is  not  present  in  combination  with  oxygen,  is  transformed  into 


342 


TBE  UBfXE. 


After  adding  sodium  hvdraie  in  excess  this  is  then  dis- 
tilled off  and  received  in  a  known  qiuintitj  or  titrated  add,  the  excess 
being  retitnited  with  sodium  hTdrate.  In  this  manner  the  amount 
of  ammonia  and  the  corresponding  quantitr  of  nitrogen  is  aaoer- 
buned,  it  twing  remembered  that  IT  grammes  of  ammonia  ooirespoiid 
to  14  grammes  of  nitrr^n. 

Reagente  required : 

].  Gunning's  mixture.  This  consists  of  lo  c.c.  of  conoentiated 
sulphuric  acid,  10  grammes  of  potassium  sulphate,  and  0.5  gramme 
of  copper  sulphate. 


2.  A  solution  of  soiliuiii  liydniti'  coiitiiiiiing  '270  granimes  in^the 
litre  (sp.  gr.  1.24;l). 

a,   PiilvoriziM  taloiini  or  grauiilati'it  /inc. 

-I.   .\  one-fourth  normal  isolutinn  of  sulptniric  aciil. 

it,  A  omMourth  normal  solution  of  stxliuni  hyilratc. 

Apparatus  requinnl  ^see  Fig.  88).  This  ooiisist.«  of  a  retort  of 
about  7")0  e.c.  (•a|ia«-ity  (.0,  wliich  is  i-inuicctoil  with  a  KJoliiahl  dis- 
tilling tube  (7Ji,  awl  thnnigh  this  with  a  St-iticliT  wu«icu>or  (O), 
The  ammonia  is  reeetvetl  in  tlu'  nitn^'ii  Imlh  at  /', 
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In  addition,  a  Kjeldahl  digesting  flask  of  200  to  300  c.c.  capacity 
is  required. 

Method  :  5  or  10  c.c.  of  urine  are  placed  in  the  digesting  flask 
and  treated  with  Gunning's  mixture.  To  this  end  it  is  best  to  add 
the  sulphuric  acid  and  copper  sulphate  first,  to  heat  until  sulphuric 
acid  vapors  are  given  off  in  abundance,  and  then  to  add  the  potas- 
sium sulphate.  The  heating  is  continued  until  the  solution  has  be- 
come entirely  clear  and  almost  colorless,  the  flask  being  inclined  to 
an  angle  of  about  45°.      Vigorous  ebuUition  should  be  avoided. 

Upon  cooling,  the  contents  of  the  flask  are  transferred  to  the  re- 
tort with  the  aid  of  a  little  water,  and  slowly  treated  with  a  moder- 
ate excess  of  the  sodium  hydrate  solution.  As  a  general  rule,  40  c.c. 
for  every  o  c.c.  of  sulphuric  acid  are  sufficient.  A  little  pulverized 
talcum,  or  a  few  pieces  of  granulated  zinc  are  finally  added,  when 
the  retort  is  connected  with  the  condenser,  and  the  distillation  be- 
gun. This  is  continued  until  about  two-thirds  of  the  solution  have 
passed  over.  The  distillate  is  received  in  the  nitrogen  bulb,  which 
should  contain  a  carefully  measured  quantity  of  the  one-fourth 
normal  solution  of  sulphuric  acid.  As  a  general  rule,  30  c.c.  are 
sufficient.  As  soon  as  the  distillation  is  completed  the  condenser 
is  disconnected,  washed  out  with  a  small  amount  of  distilled  water, 
and  the  washings  added  to  the  distillate.  After  the  addition  of  a 
few  drops  of  tincture  of  cochineal  or  dimethyl-amido-azo-benzol, 
the  excess  of  sulphuric  acid  is  then  retitrated  with  the  one-fourth 
normal  solution  of  sodium  hydrate,  and  the  amount  found  deducted 
from  the  30  c.c.  used.  The  titration  should  be  continued  until  every 
trace  of  yellow  has  disappeared  and  a  pure  rose-color  is  obtained,  or 
in  the  case  of  the  dimethyl-amido-benzol,  until  the  last  trace  of  red 
has  disappeared  and  the  solution  has  turned  yellow.  The  difference 
multiplied  with  0.0035  will  then  indicate  the  amount  of  nitrogen 
present  in  the  5  or  10  c.c.  of  urine.  The  corresponding  amount  of 
urea  is  found  by  multiplying  this  figure  with  20. 

As  KjeldahFs  method  presupposes  a  thorough  knowledge  of 
chemical  technique,  it  is  well  to  make  at  least  two  parallel  estimations 
in  every  case. 

Will-Varrentrapp's  method,  as  modified  by  Seegen-Schneider. 
Principle  :  If  nitrogenous  organic  material  is  heated  in  intimate 
contact  with  soda-lime,  all  the  nitrogen  is  given  off  in  the  form  of 
ammonia,  which  is  collected  in  a  known  quantity  of  acid  ;  the  excess, 
not  used  in  the  neutralization  of  the  ammonia  is  then  determined  by 
titration  with  a  solution  of  sodium  hydrate  of  known  strength.  The 
amount  held  by  the  ammonia  is  thus  ascertained,  and  from  it  the 
corresponding  amount  of  nitrogen,  it  being  remembered  that  17 
grammes  of  ammonia  correspond  to  14  grammes  of  nitrogen. 

Reagents  required  :  1.  A  quantity  of  thoroughly  fused  calcic 
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Bodit,  \v)iich,  while  still  hot,  should  be  placed  in  &  well-stoppered 
bottle,  where  it  may  Ije  kept  ready  for  use  for  a  long  time. 

2.  A  iiormat  solntioii  of  sulphuric  acid. 

:t,  A  normal  solution  of  sodium  hydrate. 

Appamliis  retjiiircd:  As  is  apparent  from  the  aecompaDying  dtsgram 
(Fig.  89),  the  apparatus  cousists  of  a  Kjeldahl  digesting  flask,  A, 
provide<l  with  a  long  neck  (10  to  12  cm.  long),  aod  of  about  100 
c.c.  capacity ;  this  i^  placed  in  a  copper  crucet,  B,  and  imbedded  in 
sand.     The  crucet  'v^  plaecd  upon  a  pipe-stem  triangle  over  the  flame. 


The  uwk  of  the  flask  is  surrouniieil  Ity  a  hoiwl  of  I'opjier  iirtin  plate, 
C,  moulile<l  to  the  flask  and  reaching:  not  liipliir  tliiiii  l.')  cm.  below 
the  rubber-stopper.  The  latter  is  doulily  jwrfonited,  a  tnU',  e,  drawn 
out  to  a  point  and  closed  at  the  free  cn<l,  pas^inj;  through  one  aper- 
ture and  extending  almnt  half-way  down  the  fla.sk,  while  the  second 
pa.sscs  through  the  other  opening.  This  second  tube,  c,  is  connected 
by  means  of  a  short  piece  of  rubber-tubing,  upon  which  a  clamp  is 
placed,  with  a  Will-Vnrrentnipp  appanitus.  The  latter  is  connected 
by  rubber-tubing,  upon  which  a  clamp  is  Ukewisi'  placed,  with  an 
aspirating-l Kittle  filled  with  water  and  ])nivi(Ied  with  a  siphon  tube. 
Method  :  Ten  c.c.  of  the  normal  sulphuric-acid  solution  are  placed 
iu  the  Will-Varrentrapp  apparatus,  together  with  a  few  c,<',  of  a  1- 
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|>er-cent.  solution  of  phenolphthalein.  A  layer  of  sand  about  1  cm. 
in  height  is  placed  in  the  crucet,  the  clamp  a  closed,  and  the  flask 
filled  to  about  one-half  its  height  with  the  soda-lime,  when  the  hood 
is  adjusted  and  5  c.c.  of  urine  are  allowed  to  flow  upon  the  soda. 
The  rubber-stopper  is  quickly  adjusted,  the  rubber  tube  having  been 
previously  connected  with  the  Will-Varrentrapp  apparatus.  The 
damp  a  is  now  opened,  the  crucet  filled  up  with  sand,  and  the  heat- 
ing begun.  This  is  at  first  done  carefully  with  a  small  flame,  but 
increased  gradually  until  a  full  heat  is  applied.  This  is  continued 
for  one-half  to  three-quarters  of  an  hour.  When  drops  of  moisture 
are  no  longer  visible  in  the  tube  c,  or  when  the  evolution  of  gas  has 
entirely  ceased,  the  rubber-tube  of  the  aspirating-bottle  d  is  slipped 
on  to  the  Will-Varrentrapp  apparatus,  the  clamp  b  slightly  opened, 
the  tip  of  e  broken  off,  and  air  allowed  to  pass  slowly  through  the 
entire  system  for  a  quarter  of  an  hour,  when  the  flame  is  extinguished. 
The  Will-Varrentrapp  apparatus  is  then  detached,  and  its  contents 
titrated  with  the  normal  solution  of  sodium  hydrate. 

The  number  of  c.c.  of  the  sodium  hydrate  solution  employed  is 
deducted  from  10  (the  number  of  c.c.  of  the  normal  sulphuric-acid 
solution,  1  c.c.  of  the  latter  being  equivalent  to  1  c.c.  of  the  former), 
the  difference  giving  the  number  of  c.c.  of  the  normal  sulphuric-acid 
solution,  neutralized  by  the  ammonia,  evolved  from  5  c.c.  of  urine. 
This  number  multiplied  by  20  will  then  represent  the  number  of  c.c. 
required  to  neutralize  the  ammonia  contained  in  100  c.c.  of  urine. 
As  1,000  c.c.  of  the  normal  solution  of  sulphuric  acid  correspond  to 
1 7  grammes  of  ammonia  or  14  grammes  of  nitrogen,  the  number  of 
€.c.  of  the  sulphuric-acid  solution  corresponding  to  100  c.c.  of  urine 
will  be  found  from  the  equation  :  1,000  :  14  :  :  x  :  y,  and  y  =  0.014  x, 
in  which  x  represents  the  number  of  c.c.  required  to  neutralize  the 
amount  of  ammonia  evolved  from  100  c.c.  of  urine,  and  y  the  cor- 
responding amount  of  nitrogen — i.  e,,  the  percentage  of  nitrogen. 

If  the  nitrogen  is  to  be  calculated  in  terms  of  urea,  this  is  done 
according  to  the  equation :  1,000  :  30  (=  14N)  :  :  x  :  y,  and  y  = 
0.03  x  =  percentage  of  urea,  in  which  x  represents,  as  above,  the 
number  of  c.c.  of  sulphuric  acid  neutralized  by  the  ammonia,  viz, 
nitrogen,  contained  in  100  c.c.  of  urine,  and  y  the  urea  correspond- 
ing to  this  amount. 

Uric  Acid. 

Uric  acid,  according  to  our  present  views,  is  not  formed  during 
the  decomposition  of  all  albuminous  substances,  as  was  formerly 
supposed,  but  constitutes  a  specific  product  of  decomposition  of  one 
class  of  albumins  only,  namely,  the  nucleins.  It  appears,  moreover, 
that  the  mother  substance  of  uric  acid  is  confined  to  the  nuclear 
nucleins,  viz,  to  those  containing  a  nucleinic  acid  radicle,  while  the 
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hViMM  fill'  Minicliinil  forimilH  of  |)urin  it  is  also  appiirciit  that  still 
oilmr  iliTivntivTH  of  this  Hiihstaiicc  may  exist,  and  as  a  matter  of 
liM«t  olhi'fM  lire  known,  vi/,  mon<»-mcthyl  xanthin  or  hctrro-xanthin, 
(11  innlJiylxanlhin  or  paraxanthin,  tri-m(;thylxanthin,  the*  isomeric 
(HMn|MMni(tN  of  paraxanthin,  vi/,  th<'ophyllin  and  th(M)hromin,  and 
nlhorn.     11n'ir  rehition  to  xanthin  is  shown  in  th<'  fonmihe  : 
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Xanthin. 
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Parazanthin. 
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Theophyllin. 
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Theobromin. 
HN CO 


CO      C N.CH,\ 

I          II  .-^CH. 

CH3.  N C N - 


CH3.N- 


-CO 


Coffein. 


CO       C N.CH,\ 

f       II      ^^^^.cu. 

CH3.  N C N^ 

Two  of  these  bodies,  namely  heteroxanthin  and  paraxanthin  have 
also  been  found  in  the  urine. 

From  these  basic  substances  then,  which  are  found  in  the  nuc- 
leinic  acid  radicle  of  the  nuclear  nucleins,  uric  acid  is  supposedly  de- 
rived, and  there  are  numerous  facts  which  go  to  show  that  this  sup- 
position is  in  all  likelihood  correct.  It  will  thus  be  observed  that 
structurally  uric  acid  is  intimately  related  to  the  bodies  in  question, 
and  like  these  contains  the  purin  radicle : 

Uric  acid. 
HN CO 


HN 


C NHv 

II 


NH 


>CO. 


It  may  hence  be  regarded  as  2,  6,  8  tri-oxypurin.  Uric  acid  and 
the  xanthin  bases,  moreover,  qualitatively,  all  yield  the  same  decom- 
position products,  when  treated  with  fuming  hydrochloric  acid  or 
hydriotic  acid,  under  high  pressure ;  only  the  quantitative  relations 
vary,  as  shown  in  the  equations  : 

Adenin.  Glycocoil.  Formic  acid. 

C5H5N5  +  8H3O  =  4NH5  -f  CO,  +  CH3.NH2.COOH  4-  2H.C00H. 

Hypoxanthiu. 

CfiH^N.O  -f-  7H3O  =  3NH3  -h  CK),  +  CH2.NH,.C00H  +  2H.C00H. 

GuaniD. 

C5H5N5O  +  7H,0  =  4NH3  -h  2C0,  +  CH3.NH3.COOH  4-  H.COOH. 

Xanthin. 

CjH.NA  +  OIIjO  =  3NH3  +  2CO2  +  CH,.NH,.COOH  +  H.COOH. 

Uric  acid. 

CjH.NA  +  5H,0  =  3NH3  +  3C03+CH,.NH,.COOH. 
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In  accordance  with  this  supposed  origin  of  uric  acid  we  find  an 
increased  elimination  in  the  urine,  following  the  ingestion  of  all 
those  substances  which  either  contain  purin  bases  as  such,  or  in  the 
form  of  nuclear  nucleins.  At  the  same  time  it  must  be  remembered 
that  uric  acid  can  also  result  from  the  nucleins  of  the  body  tissues, 
and  we  find,  as  a  matter  of  fact,  tliat  during  starvation  the  uric  acid 
does  not  disappear  from  the  urine.  The  principal  source  of  the  uric 
acid  under  such  conditions  are  the  nucleins  of  the  leucocytes,  and 
according  to  Horbaczewski  and  others  this  source  is  indeed  more 
imi)ortant  than  the  nucleins  of  the  food.  According  to  his  idea  the 
latter  only  call  forth  an  increased  elimination  of  uric  acid  in  an  in- 
direct manner,  /.  e,,  by  stimulating  more  strongly  than  other  food- 
stuffs the  cell  formation  and  cell  destruction  of  the  body.  However 
this  may  be,  there  can  be  no  doubt  that  the  amount  of  uric  acid 
eliminated  in  the  urine  depends,  in  the  first  instance,  upon  the  amount 
of  nucleins  or  purin  bases  as  such,  which  are  ingested,  and  upon  the 
degree  of  nuclear  destruction  which  takes  place  in  the  body.  Other 
factors,  however,  also  enter  into  consideration.  We  thus  know  that 
the  body  is  capable  of  transforming  a  certain  amount  of  uric  acid 
into  urea.  This  fact  was  pointed  out  long  ago  by  Frerichs  and 
Wohler,  and  has  recently  again  been  confirmed.  It  was  found  that 
after  the  ingestion  of  large  amounts  of  nucleins,  only  a  certain  por- 
tion of  the  nuclear  nitrogen  is  eliminated  as  uric  acid,  and  that  this 
|>ortion  is  extremely  variable.  Whether  individual  jxjculiarities  play 
a  part  in  determining  this  amount  is  unknown,  but  not  improbable. 
The  i)ower  of  oxidation  on  the  part  of  the  body  tissues,  however, 
must  also  be  taken  into  consideration,  and  unquestionably  varies  not 
only  in  different  ]>eo])le,  but  also  in  one  and  the  same  individual. 
Then  again  there  is  eviden(;e  to  show  that  under  certain  conditions 
uric  acid  may  also  be  formed  synthetically  in  the  body.  That  this 
is  the  usual  mode  of  formation  in  birds  and  reptiles  has  been  con- 
clusively shown  by  Minkowski,  who  found  that  after  extirpation  of 
the  liver  in  geese  the  greater  portion  of  the  urinary  nitrogen  was 
eliminated  in  the  form  of  ammonia  in  comi)inati()n  with  lactic  acid. 
In  the  human  being  very  little  uric  acid  is  in  all  likelihood  formed 
in  this  manner  under  normal  conditions,  but  the  possibility  of  its 
occurrence,  in  disease  more  particularly,  cannot  be  overlooked. 

As  uric  acid,  moreover,  may  in  part  at  least  be  eliminated  in  the 
feces,  it  is  clear  that  the  amount,  which  is  eliminated  in  the  urine 
cannot  be  regarded  as  an  infallible  index  of  the  degree  of  nuclear 
destruction,  or  of  the  amount  which  is  formed  in  the  body-tissues. 
That  a  retention  of  uric  acid  can  further  occur  in  the  body,  which 
may  or  may  not  be  followed  by  an  increased  elimination  is  likewise 
undoubted. 

The  conditions  which  thus  influence  the  formation  and  elimination 
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of  uric  acid  are  quite  complicated^  and  it  will  be  readily  understood 
that,  even  under  normal  and  apparently  identical  conditions,  the 
amount  which  is  daily  eliminated  must  be  subject  to  fairly  wide  varia- 
tion. A  pathologic  alteration  of  the  conditions  which  give  rise  to  its 
formation  and  elimination  can  only  be  assumed  when  the  amount, 
which  is  eliminated  in  the  twenty-four  hours,  falls  short  of  the 
physiologic  minimum,  or  exceeds  the  usual  upper  limit,  viz,  0.2  and 
1.5  grammes  respectively. 

The  place  of  formation  of  uric  acid  in  man  is  as  yet  unknown. 
According  to  some  observers  it  is  formed  in  all  the  organs  of  the 
body,  including  the  bone-marrow,  the  muscles,  the  liver,  the  spleen, 
the  gouty  joints,  etc.,  but  this  view,  as  well  as  that  expressed  by 
Kolisch  and  Luff,  according  to  which  the  kidneys  form  uric  acid 
from  the  xanthin  bases,  still  remains  unsupported  by  material 
facts. 

Under  normal  conditions,  as  I  have  just  said,  the  daily  elimination  of 
uric  acid  varies  between  0.2  and  1.5  grammes,  thus  constituting  the 
2^-x\^  part  of  the  total  urinary  nitrogen.  It  is  largely  influenced  by 
the  character  of  the  diet,  the  amount  of  exercise  taken,  the  general 
health  of  the  individual,  etc.  After  the  ingestion  of  large  amounts 
of  food,  which  is  rich  in  nuclear  nucleins,  such  as  thymus  gland, 
liver,  kidneys  and  brain,  a  corresponding  increase  in  the  amount  of 
uric  acid  is  observed.  Grenerally  speaking  animal  food  causes  a 
greater  elimination  of  uric  acid  than  vegetable  food,  and  it  is  sup- 
posed that  this  difference  is  essentially  due  to  the  presence  of  the 
extractives  of  the  meat.  Of  special  interest  is  the  increase  in  the 
elimination  of  uric  acid,  which  is  observed  five  hours  afl«r  the  in- 
gestion of  a  full  meal.  This  increase,  according  to  Horbaczewski, 
is  associated  with  the  disappearance  of  the  digestive  leucocytosis  and 
consequent  leucolysis. 

Some  observers  have  attached  much  importance  to  the  relation 
existing  between  the  elimination  of  uric  acid  and  urea,  and  are  in- 
clined to  assume  the  existence  of  a  special  urie  acid  dicdhesiH  when 
this  relation  continuously  exceeds  the  usual  standard  of  1  :  50  or  1  :  60. 
This  question  is,  however,  an  extremely  intricate  one,  and  we  are 
scarcely  in  a  |X)sition  at  the  present  time  to  speak  definitely  of  the 
significance  of  such  variations.  On  the  one  hand,  there  can  be  no 
doubt  that  an  unusually  high  uric  acid  coefficient  may  be  met  with 
in  individuals  who  are  apparently  in  good  health,  while  in  others, 
wliere  larger  amounts  of  uric  acid  are  eliminated  than  is  usual,  normal 
or  even  subnormal  values  may  be  found.  The  entire  question  of  the 
uric  acid  diathesis  is  indeed  in  a  most  chaotic  condition,  and  it  would 
perhaps  be  well  to  speak  of  such  a  diathesis  only,  when  a  distinct 
abHolide  increase  is  continuously  observed.  That  numerous  symptoms 
of  a  neurasthenic  type  are  often  seen,  when  the  uric  acid  coefficient  is 
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increased,  is  a  matter  of  daily  obaepvation,  but  it  woiiltf 
to  regard  this  symptom  as  a  causative  factor  of  tlK'  disease  i 
tion.  Even  in  gout  it  can  scarcely  be  said  that  iirir  acid  has  I 
proven  the  mo/eriapeccflns,  and  our  knowledge  concerning  its  etiol 
is  still  as  obscure  as  at  the  time  when  Garroil  tir^t  showed  tl 
accumulation  of  uric  acid  occurred  in  the  bluoil  of  such  pa 
Hitherto  it  has  been  supposed  that  the  deposition  of  urates  i 
joints  and  i}L>riosteum  of  gouty  patients  was  referable  to  a  diminia 
alkalinity  of  the  blood,  and  that  the  acute  paroxvHnis  resulted  n  " 
ever  an  increase  in  its  alkalinity  occurred,  leading  to  a  resorpfioi 
the  uric  acid,  previously  deposited,  and  a  consequent  flooding  a  ~ 
system  with  the  substance  in  question.  As  a  mutter  of  fact  a  c 
siderable  diminution  lu  its  excretion  is  observed  immediately^  e 
ceding  the  attack,  while  during  the  paroxysm  and  immedi^el'n 
following  it,  a  corresponding  increase  is  noted, 
gations,  however,  have  shown  that  distinct  changes  in  the  alkaliaifra 
of  the  blood  do  not  occur  in  gout,  and  that  an  increase  in  the  ai 
of  uric  acid  in  the  blood  is  not  only  observed  in  this  disease,  ' 
other  diseases  as  well,  which  are  not  associated  with  gouty  symj 
The  conclusion  is  hence  justifiable,  that  the  presence  of  uric  a 
the  blood,  pin-  «e,  cannot  be  oflfered  as  an  explanation  of  the  t 
rence  of  a  gouty  attack. 

The  greatest  increase  in  the  elimination  of  uric  acid  is  obsen 
in  Icukeemia,  where  amounts  of  5  grammes  and  even  more  may  I 
observed  in  the  twenty-four  hours.  That  the  increased  eliminatioi 
in  this  disease  is  referable  to  the  enormous  increase  in  the  number. o 
the  leucocytes,  and  consequent  leueolysis  can  scarcely  be  doubted. 
In  other  diseases,  which  are  associated  with  a  high  grade  of  leuco- 
cytosis,  and  especially  those,  in  which  the  disease  terminates  by  crisis 
or  hastened  lysis,  such  as  erysipelas  and  pneumonia,  a  considerable 
increase  is  likewise  observed,  and  referable  to  the  same  origin.  This 
increase  is  especially  marked  inimetliatcly  after  crisis  has  occurred, 
but  it  not  infrequently  precetles  this  by  several  hours.  In  the  other 
febrile  diseases  an  absolute  increase  is  less  marked  and  inconstant. 

In  diabetes  n  diminished  amount  of  uric  acid  is  usually  found. 
Cases  may  be  seen,  however,  in  which,  :issociatid  with  a  diminution 
or  an  entire  disappearance  of  the  sugar,  a  most  marked  increase 
occurs,  amounting  in  some  cases  to  three  grammes  in  the  twenty-four 
hours.     To  this  condition  the  term  <li(iheies  allenmv^  has  been  applied. 

In  acut«  articular  rheumatism  an  increased  elimination  is  ob- 
served so  long  as  the  temperature  remains  high,  while  with  approach- 
ing convalescence  the  amount  returns  to  normal  and  may  even  fall 
below  normal.  In  chronic  rheumatism,  on  the  other  band,  no  constant 
relations  have  been  observed.  In  the  ordinary  forms  of  antemia 
and  chlorosis  the  amount  of  uric  acid  is  quite  constantly  <liminished, 
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if  interatitial  nephritis,  chronic  lead-poisoning,  pro- 
greseive  muspiilar  atrophy  and  pseudo-hypertrophic  paralysis. 

pRopERTiJ><  OF  Uric  Acid. — The  close  relation  existing  between 
nric  acid  and  tlie  xanthin  bases  has  already  been  considered.  By 
oxidation  nric  acid  is  tradsformed  into  urea  or  into  substituted  ureas, 
Hncb  a^  ullaotoin  ^nd  alloxan,  which  latter  in  turn  is  closely  related 
to  parulmnic  acid,  or  oxalyl-urea,  and  barbituric  acid  or  malonyl- 
urea. 

AIIOUD. 

Vh.a.iJ.  CO NH,  u^ 


CjH.N.O,  +  H,(>  =  C.H.NjO,  +  CO,. 

Pure  uric  acid  forms  a  white,  crystalline  powder,  which  is  almost 
isBoIuble  in  cold  \vater  (1  :  40,000),  with  difficulty  soluble  in  boiling 
water  ( 1  : 1,800),  and  insoluble  in  alcohol  and  ether.  In  concentrated 
aulphunc  acid  it  dissolves  with  ease,  but  is  reprecipitated  upon  dilu- 
tion with  water.  In  aqueous  solutions  of  the  alkaline  carbonates 
and  hydrates  it  dissolves,  with  the  fonnatioD  of  neutral  or  acid  salts, 
as  represented  by  the  equations  : 

H  ,,H,N,Oj  +  Na,CO,  =  C.HjNaN.O,  +  NaHO^. 
C.H.NA  +  2N'a,C0,  =  CiH,Nb,NA  +  2S«HC0,. 

In  the  [iriiic  uiic  acid  is  said  to  occur  as  a  quadriurate,  viz,  as  a 
L'uiiipouiid,  Jii  H'liJch  one  molecule  of  sodium  is  in  combination  with 
two  molecules  of  uric  acid.  The  quadriurate,  however,  is  readily 
decomposed  with  the  formation  of  uric  acid  and  acid  urates  (biurates). 
Its  solubility  in  the  urine  depends  upon  the  amount  of  water  present, 
the  reaction,  and  the  presence  of  inorganic  salts.  When  acid  sodium 
phosphate  preponderates  the  biurate  is  precipitated,  while  free  uric 
acid  is  thrown  down  when  disodic  phosphate  only  is  present,  and 
along  with  this  still  other  acid  compounds,  which  are  most  likely  of 
organic  nature.  Neutral  urates  cannot  occur  in  the  urine.  The 
basic  suhstances,  which  may  occur  in  the  urine  in  combination  with 
uric  acid  are  sodium,  potassium,  ammonium,  and  possibly  also  calcium 
and  magnesium.  These  salts  may  be  decomposed  by  the  addition  of 
a  sufficiently  lai^  quantity  of  a  stronger  acid,  such  as  hydrochloric 
acid,  ^vhen  uric  acid  is  set  free.  All  these  salts  ore  soluble  with 
great  difficulty,  and  are  hence  precipitated,  whenever  the  urine  is 
markedly  acid  or  concentrated,  and  also  when  it  is  exposed  to  a  low 
temperature.  This  holds  good  especially  for  the  acid  ammonium 
compound,  and  upon  this  lact  Hopkin's  quantitative  estimation  of 
uric  acid  is  l»ascd. 
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Pure  uric  acid  cr^'stallizes  in  transparent,  colorless,  rhombic  plates, 
while  that  which  usually  separates  from  the  urine  is  of  a  reddish- 
brown  color  and  may  assume  a  great  variety  of  forms  (Fig.  90).  Of 
tliese  the  so-called  whetstone  form  is  the  most  characteristic  (see 
Sediments).     Colorless  rhombic  platelets  may,  however,  also  be  seen. 

Of  the  compound  which  uric  acid  forms  with  the  heavy  metals, 
the  silver  salt  is  esi)ecially  important.  When  a  solution  of  uric  acid 
in  ammonia  is  treated  with  an  ammoniacal  solution  of  silver  nitrate 
(see  below)  the  solution  remains  clwir,  hut  if  calcium  chloride,  sodiam 
chloride  or  magm^sia  mixture  is  then  added,  a  precipitate  forms, 
which  contains  the  uric  acid  in  combination  with  silver. 

Tests  for  Uric  Acid. — 1.  Murexid  Test. — A  few  crystals  are  dis- 
solved by  means  of  a  few  droj^s  of  concentrated  nitric  acid,  with  the 

Fio.  90. 


VarloiiH  forinn  of  iiri«-aci«l  cry^.taN.     (I'ini.a  v^ios. ) 

application  of  heat,  upon  ii  porcelain  |)lat(s  such  as  the  cover  of  a 
crucible.  The  nitric  acid  is  then  carcfuUv  evaporated,  when  a  vel- 
lowish-red  spot  will  he  found  to  remain.  Upon  eo(»ling,  a  drop  of 
ammonia  is  placed  upon  this  spot,  when  in  the  presenee  of  uric  acid 
a  beautiful  purplish-red  color  will  develop,  owinj^  to  the  fonnation 
of  ammonium  purpuratc  (murexid).  If  now  a  drop  of  sodium 
hydrate  solution  is  added,  the  color  will  ehanp'  to  a  reddish-blue, 
which  disappears  upon  heating,  thus  ditVerintr  from  the  somewhat 
similar  xanthin  reaction. 

2.  Copper  Test. — A  few  crystals  are  dissolved  in  sodium  hydrate 
solution  and  treated  with  a  few  drops  of  Fehling\s  solution.  Upon 
the  application  of  heat  white  urate  of  (JopjKT  separates  out,  while  red 
cuprous  oxide  apjxjars,  if  a  relatively  large  amount  of  eoj)per  sulphate 
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is  present, — a  point  to  be  remembered  in  testing  for  sugar.     The 
reduction  of  Fehling's  solution  is  due  to  the  formation  of  allantoin. 
3.  When  treated  with  sodium  hypobromite  solution  uric  acid  gives 
up  about  47  per  cent,  of  its  nitrogen. 

Quantitatiye  Estimation  of  Uric  Acid. 

Hopkins'  Method. — This  method  is  now  quite  commonly  used  in 
the  clinical  laboratory,  and  is  certainly  to  be  preferred  to  the  more 
complicated  procedures,  which  have  hitherto  been  employed.  It  is 
much  simpler  and  fully  as  accurate  as  the  older  methods  of  Ludwig- 
Salkowski  and  of  Haycraft.  Various  modifications  of  the  original 
method  have  been  suggested. 

Principle  :  The  method  is  based  upon  the  complete  precipitation 
of  uric  acid  by  ammonium  salts,  and  the  possibility  of  accurately 
titrating  the  uric  acid  with  potassium  permanganate,  in  the  presence 
of  sulphuric  acid. 

Folin's  Modification  of  Hopkins'  Method  :  50  c.c.  of  urine 
are  treated  with  5  grms.  of  finely  powdered  ammonium  carbonate, 
acetate,  chloride  or  sulphate,  and  a  sufficient  amount  of  ammonia,  to 
render  the  mixture  faintly,  but  distinctly  alkaline.  After  standing 
for  2  hours,  the  precipitated  mono-ammonium  urate  is  filtered  off 
through  asbestos,  or  paper  No.  597  of  Schleicher  and  Schiill,  washed 
with  a  10-per-cent.  solution  of  ammonium  sulphate,  until  all 
chlorides  have  been  removed,  and  transferred  to  a  beaker  with  the 
aid  of  100  c.c.  of  hot  water,  by  perforating  the  filter.  The  urate  is 
then  decomposed  by  the  addition  of  a  small  amount  of  dilute  sul- 
phuric acid.  On  cooling  to  about  20°C.  15- c.c.  of  concentrated  sul- 
phuric acid  (sp.  gr.  1.84)  are  added,  when  the  mixture  is  titrated  at 
once  with  a  1/20  normal  solution  of  potassium  permanganate,  until  a 
faint  red  color  is  obtained,  which  persists  for  at  least  30  seconds. 
The  number  of  cubic  centimetres  employed  to  reach  this  end  is  multi- 
plied with  the  empirical  factor  0.00375,  the  result  indicating  the 
amount  of  uric  acid  in  50  c.c.  of  urine.  As  0.001  grm.  of  uric  acid, 
however,  escapes  precipitation  in  every  100  c.c.  of  urine,  it  is  neces- 
sary to  add  0.0005  grm.  to  the  final  result. 

Preparation  of  the  1/20  normal  solution  of  potassium  perman- 
ganate :  As  the  molecular  weight  of  potassium  permanganate  is 
157.67  one  would  iexpect  that  a  normal  solution  of  the  salt  should 
contain  this  amount  in  grammes,  dissolved  in  1,000  c.c.  of  water. 
But  the  substance  generally  acts  in  the  presence  of  free  acids,  upon 
deoxidizing  substances,  by  loosing  five  atoms  of  oxygen,  of  the  eight 
atoms  contained  in  two  molecules,  as  is  shown  in  the  following  equa- 
tion : 

2KMn(),  +  nUfifi^  +  3H,SO,  =  K^SO^  +  2MnS04  +  lOCO,  +  8H,0. 
23 
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It  follows  that  two-fifths  of  the  molecular  weight,  or  63.068  grms. 
are  the  equivalent  of  one  oxygen  atom.  But  as  oxygen  is  diatomic 
and  the  volumetric  normal  is  calculated  for  monatomic  values,  this 
number  must  be  dividwl  by  two,  and  31.534  grms.  of  potassium 
permanganate  is  therefore  the  amount  to  furnish  one  litre  of  normal 
solution  (W.  Simon).  A  1  10  normal  solution  would  hence  contain 
3.1534  grms.,  and  a  1/20  normal  solution  1.576  grms.  pro  litre. 
This  amount  is  weighed  off  and  dissolved  in  950  c.c.  of  water,  when 
the  solution  is  brought  to  the  proper  degree  of  dilution  (see  p.  300) 
by  titration  with  a  1  20  normal  solution  of  oxalic  acid.  A  1/20 
normal  solution  of  oxalic  acid  contains  3.142  grms.  of  the  acid  in 
1,000  c.c.  of  water.  1  c.c.  of  the  1  20  normal  solution  of  potassium 
permanganate  should  correspond  to  1  c.c.  of  the  oxalic-acid  solution. 
The  titration  is  best  conducted  by  diluting  10  c.c.  of  the  oxalic-acid 
solution  to  100  c.c.  with  distilled  water  and  adding  15  c.c.  of  con- 
centrated sulphuric  acid,  so  as  to  bring  the  temperature  of  the  liquid 
to  from  55— 65°C.  The  potassium  j)ermanganate  solution  is  then 
added  drop  by  drop  until  the  red  color  no  longer  disappears  on 
stirring,  but  persists  for  at  least  30  seconds. 

Titration  with  Sodium  Hydrate  Solution. — This  method 
is  in  some  respects  more  convenient  than  the  one  just  described  and 
also  furnishes  fairly  accurate  results.  The  uric  acid  is  precipitated 
with  an  ammonium  salt,  as  alwvc.  After  standing  for  two  hours  the 
ammonium  urate  is  filtered  off,  washed  with  a  10-i>er-cent.  solution 
of  ammonium  sulphate  and  brought  into  a  beaker  with  the  aid  of  a 
small  amount  of  hot  water.  The  salt  is  then  decomposed  by  the 
addition  of  from  10-15  c.c.  of  a  1  10  normal  solution  of  hydro- 
chloric acid.  The  mixture  is  brought  to  the  l)oiling  point,  and  the 
hydrochloric  acid  not  used  in  the  decomposition  of  the  ammonium 
urate,  retitrated  with  a  1/10  normal  solution  of  sodium  hydrate,  using 
dimethyl-amido-azo-benzol  as  an  indicator.  The  amount  of  hydro- 
chloric  acid  found  is  deducted  from  the  10  or  15  c.c.  added,  and  the 
result  multiplied  with  0.01 6S.  The  amount  of  uric  acid  contained 
in  the  original  (juantity  of  urine  is  thus  ascertained,  to  which  0.0005 
grm.  is  addtnl  for  every  50  c.c.  of  urine  used,  to  allow  for  the  trace 
of  uric  acid,  which  is  not  precipitated  by  the  ammonium  salt. 

Gravimetric  Method. — The  process  is  begun  as  described  above. 
The  ammonium  urate  is  decomposed  by  the  addition  of  from  2—3 
c.c.  of  a  25-per-cent.  solution  of  hydrochloric  acid.  This  solution 
is  evaporated  until  crystals  of  uric  acid  begin  to  scj)arate  out.  These 
are  then  collected  on  a  dried  and  weighed  filter,  and  washed  succes- 
sively, with  water,  alcohol  (90-05-per-cent.),  absolute  alcohol  and 
finally  with  ether.  The  mother-li<|uor  and  water  used  in  washing 
are  carefully  measured,  and  0.0004  grm.  added  to  the  final  result, 
for  every  10  c.c. 
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Haycraft's  Method. — ^This  method  is  based  upon  the  precipitation 
of  uric  acid  with  an  ammoniacal  silver  solution  and  magnesia  mix- 
ture, 1  molecule  of  silver  corresponding  to  1  molecule  of  uric  acid. 
As  the  amount  of  silver  thus  precipitated  can  be  determined  by  titra- 
tion with  a  solution  of  potassium  sulpho-cyanide,  the  corresponding 
amount  of  uric  acid  is  readily  found. 

Solutions  required:  1.  An  ammoniacal  silver  solution.  2.  An 
ammoniacal  magnesia  mixture.  3.  A  one-fiftieth  normal  solution  of 
nitrate  of  silver.  4.  A  one-fiftieth  normal  solution  of  potassium 
sulpho-cyanide. 

Preparation  of  these  solutions : 

1.  The  ammoniacal  silver  solution  is  prepared  by  dissolving  26 
grammes  of  nitrate  of  silver  in  distilled  water,  and  adding  enough 
ammonia  to  redissolve  the  brown  precipitate  of  oxide  of  silver,  which  is 
first  formed  ;  distilled  water  is  then  added  in  sufficient  amount  to  make 
the  total  quantity  950  c.c.  This  solution  is  brought  to  the  proper 
strength  by  titrating  a  known  amount  of  sodium  chloride,  as  de- 
scribed elsewhere.  Each  c.c.  then  contains  0.026  gramme  of  nitrate 
of  silver,  which  is  equivalent  to  0.00216  gramme  of  silver. 

2.  The  ammoniacal  magnesia  mixture  is  prepared  by  dissolving 
100  grammes  of  crystallized  magnesium  chloride  in  a  sufficient 
amount  of  water ;  to  this  a  cold  saturated  solution  of  ammonium 
chloride  is  added  in  excess,  and  enough  strong  ammonia  to  impart  a 
decided  odor.  Should  the  mixture  not  be  perfectly  clear,  still  more 
ammonium  chloride  solution  is  added.  The  solution  is  then  diluted 
with  water  to  one  litre. 

3.  The  one-fiftieth  normal  solution  of  nitrate  of  silver  is  prepared 
by  dissolving  3.4  grammes  of  silver  nitrate  in  950  c.c.  of  distilled 
water,  the  degree  of  further  dilution  being  determined  as  described 
elsewhere. 

4.  To  prepare  the  one-fiftieth  normal  solution  of  potassium  sulpho- 
cyanide,  about  2  grammes  of  the  salt  are  dissolved  in  950  c.c.  of 
water  and  the  solution  brought  to  the  required  strength,  so  that  1 
c.c.  shall  correspond  to  1  c.c.  of  the  silver  solution. 

For  filtering  the  uric  acid  a  perforated  platinum  cone  is  placed  in 
a  small  funnel  and  packed  with  a  fine  layer  of  glass-wool,  upon 
which,  in  turn,  a  layer  of  finely  scraped  asbestos  is  placed.  The 
asbestos  is  previously  thoroughly  washed  with  very  dilute  hydro- 
chloric acid  and  subsequently  with  distilled  water  until  every  trace 
of  chlorine  has  disappeared.  When  properly  prepared  the  asbestos 
forms  a  mould  of  the  cone. 

Method. — Five  c.c.  of  the  ammoniacal  silver  solution  are  mixed 
with  5  c.c.  of  the  ammoniacal  magnesia  mixture.  Anmionia  is  then 
added  until  the  solution  is  clear,  when  it  is  poured  into  50  c.c.  of 
urine.     As  soon  as  the  precipitate  has  settled  tlie  supernatant  liquid 
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is  passed  through  the  prepared  filter  with  the  aid  of  a  suction-pump. 
About  4  grammes  of  sodium  bicarbonate  in  coarse  pieces  are  now 
placed  upon  the  filter  and  the  precipitate  added ;  the  sodium  bicar- 
bonate serves  the  purpose  of  aiding  filtration  by  loosening  the  pre- 
cipitate. This  is  now  washed  free  from  chlorine  and  silver  by  means 
of  ammoniacal  water,  using  the  suction-pump,  until  the  precipitate 
appears  broken  in  places,  then  without  the  pump,  using  this  only  at 
last  to  remove  the  last  drops  of  liquid.  Test  for  silver  with  very 
dilute  hydrochloric  acid,  and  for  chlorine  with  a  solution  of  nitrate  of 
silver  and  nitric  acid.  The  precipitate  thus  obtained  is  dissolved  on 
the  filter  by  means  of  nitric  acid  of  20  to  30  per  cent.  The  nitric 
acid  must  be  free  from  nitrous  acid.  This  is  secured  by  al- 
lowing it  to  stand  in  contact  with  pure  urea  until  all  evolution  of 
gas  has  ceased.  The  filter  is  washed  with  very  dilute  nitric  acid 
and  then  with  distilled  water,  until  this  no  longer  shows  an  acid  re- 
action. The  solution  thus  obtained  is  titrated  with  the  one-fiftieth 
normal  solution  of  potassium  sulpho-cyanide,  using  ammonio-ferric 
alum  as  an  indicator.  As  every  c.c.  of  this  solution  indicates  0.00216 
gramme  of  silver,  and  as  1  molecule  of  silver  indicates  1  mole- 
cule of  uric  acid — /.  <?.,  108  grammes  of  silver  168  grammes  of  uric 
acid, — 0.00216  gramme  of  silver,  corresponding  to  1  c.c.  of  the  po- 
tassium sulpho-cyanide  solution,  represents  0.00336  gramme  of  uric 
acid. 

Ludwig-Salkowski  Method. — Principle:  A  solution  of  uric 
acid  in  sodium  carbonate,  when  treated  with  a  solution  of  nitrate  of 
silver,  after  the  previous  addition  of  an  excess  of  ammonia,  gives 
rise  to  a  flaky,  gelatinous  precipitate  consisting  of  uric  acid,  sodium, 
and  silver,  which  is  soluble  with  great  difficulty.  From  this  the 
silver  may  he  removed,  when  the  eom|)ound  of  uric  acid  and  sodium 
is  decomposed  by  means  of  hydrochloric  acid. 

Method. — Two  hundred  and  fifty  c.c.  of  urine  are  treated  w^ith  50 
c.c.  of  ammoniacal  magnesia  mixture  (see  above)  for  the  purpose 
of  removing  the  phosphates.  The  maj^nesia  mixture  is  employed 
for  the  reason  that  the  compound  of  uric  acid  with  magnesium  and 
silver  which  is  formed  later  on  is  not  decom})o.sed  so  easily  as  the 
sodium  or  the  j)otassium  compound,  which  would  occur  if  the  urine 
were  only  precipitated  with  ammonia.  The  mixture  is  then  imme- 
diately filtered,  as  otherwise  a  little  majruesiuni  urate  would  be  pre- 
cipitated. 250  c.c.  of  the  filtrate,  corresponding  to  200  c.c.  of  urine, 
are  measured  oflT,  as  soon  as  possible,  and  treated  with  a  few  c.c.  of 
a  3-per-cent.  solution  of  nitrate  of  silver.  If  the  precipitated  silver 
chloride,  formed  in  the  beginning,  does  not  disappear  on  stirring,  a 
little  more  ammonium  hydrate  is  added.  A  flaky  precipitate  next 
separates  out,  and  is  allowed  to  settle.  In  order  to  test  whether 
enough  of  the  silver  nitrate  solution  has  been  added,  a  few  c.c.  of  the 
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supernatant  fluid  are  acidified  with  nitric  acid.  If  a  distinct  cloudi- 
ness, referable  to  silver  chloride  appears,  enough  has  been  added. 
Otherwise  the  few  c.c.  that  were  employed  for  this  test  are  rendered 
alkaline  again  with  ammonia,  poured  back,  and  treated  Avith  more 
silver  solution  until  the  required  amount  has  been  reached.  The  liquid 
is  then  rapidly  filtered  through  a  folded  filter  of  rather  loose  paper,  a 
feather  or  rubber-tipped  glass  rod  being  used  for  the  purpose  of  re- 
moving all  the  precipitate  from  the  beaker.  The  precipitate  is 
washed,  until  a  specimen  of  the  washings  is  no  longer  rendered  tur- 
bid by  nitric  acid,  and  only  faintly  so  by  the  addition  of  a  drop  of 
silver  solution.  The  filter  with  the  precipitate  is  next  placed  in  a 
wide-mouthed  flask,  containing  about  200  c.c.  of  distilled  water,  and 
thoroughly  agitated.  Sulphuretted  hydrogen  is  then  passed  through 
the  mixture.  It  is  now  brought  to  the  boiling-point  and  rendered  dis- 
tinctly acid  by  means  of  a  few  drops  of  hydrochloric  acid,  when  the 
sulphide  of  silver  and  the  paper  are  rapidly  filtered  ofi*,  as  otherwise 
there  will  be  an  admixture  of  sulphur  to  the  uric  acid.  The  con- 
tents of  the  filter  are  washed  a  few  times  with  hot  water.  Filtrate 
and  washings  are  quickly  evaporated  to  a  few  c.c,  treated  with  a  few 
drops  of  hydrochloric  acid,  and  set  aside  in  a  cool  place  for  twenty- 
four  hours.  Occasionally  it  happens  that  upon  the  addition  of  the 
hydrochloric  acid  a  cloudiness  appears,  which  is  due  to  an  admixture 
of  sulphur.  In  such  a  case  the  dried  uric  acid  must  be  washed  with 
carbon  disulphide.  Otherwise  the  uric  acid  that  has  separated  out  is 
directly  collected  on  a  dried  and  weighed  filter,  and  washed  succes- 
sively with  water,  90-  to  94-per-cent.  alcohol,  and  finally  with  abso- 
lute alcohol  and  ether.  The  water  used  in  washing  should  be  col- 
lected separately,  and  0.0048  gramme  added  to  the  weight  of  the 
uric  acid  obtained,  for  every  20  c.c.  used. 

Precautions  :  1.  Rapidity  in  working  is  essential. 

2.  Very  concentrated  urines  must  be  diluted  one-half  before  com- 
mencing the  examination. 

3.  If  the  specific  gravity  of  the  urine  is  low,  it  should  be  con- 
centrated to  a  specific  gravity  of  about  1.020. 

4.  If  the  urine  shows  a  sediment  of  uric  acid,  this  should  be  sepa- 
rately collected  and  weighed,  and  the  weight  obtained  added  to  the 
final  result. 

5.  Any  albumin  that  may  be  present  must  be  previously  removed. 

6.  If  sugar  is  present  in  the  urine,  about  500  to  1,000  c.c.  are 
treated  with  a  solution  of  neutral  acetate  of  lead,  filtered,  and  the 
filtrate  precipitated  with  mercuric  acetate.  The  precipitate  thus 
formed,  which  consists  essentially  of  mercuric  urate,  is  filtered  off 
after  having  stood  for  twelve  to  twenty-four  hours,  then  washed  and 
later  suspended  in  water.     The  mercury  is  removed  by  means  of 

g  sulphuretted  hydrogen,  the  suli)hide  of  mercury  filtered  off,  and  the 
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filtrate  collected  and  sot  aside.  The  precipitate  itself  is  tiioroagblr 
boiled  witli  water  and  again  filtered,  tlie  washings  thns  obtained 
being  added  to  the  filtrate  Bet  aside,  as  just  described.  The  total 
amount  of  fluid  is  then  evaporated  to  a  small  volume  and  acidified 
with  hydrochloric  acid,  when  the  uric  acid  will  separate  out  and  may 
be  treated  as  previously  directed. 

The  Old  Method  of  Heintz. — The  following  method,  although  iuae- 
cnrate,  may  be  employed  when  the  necessary  solutions  required  for 
more  accurate  working  are  not  at  hand  : 

Principle :  The  urates  contained  in  the  urine  are  decomposed  by 
means  of  hydrochloric  acid,  tlie  uric  acid  formed  lieing  set  free. 

Method  :  Two  hundred  c.c.  of  urine  are  treated  with  10  c.c.  of 
strong  hydrochloric  acid  and  set  aside,  in  n  cool  place,  for  forty- 
eight  hours.  The  crj-stnls  of  uric  acitl  which  have  been  deposited 
by  that  time  are  collected  on  a  small  filter  that  has  been  dried  at  a 
temperature  of  110°  to  llo^C,  and  carefully  weighed,  using  a  cut 
feather  or  a  rubber-tipped  glass  rod  to  remove  all  the  erj'stals  from 


the  Ixntom  and  sidt'S  of  the  Vfssel  ;  jiortionw  of  the  filtrate  are  iiised 
to  bring  the  hiwt  tr.K-cs  ii]>on  the  filter.  The  crvstaU  are  then  washed 
with  cold  water,  care  lwin{r  taken  to  collect  the  washings  separately, 
until  a  spi'cimen  no  longer  Iwdmies  cloudy,  when  treated  with  a  few 
dn»i)S  of  nitrate  of  silver  and  nitric  iiciii.  Funnel  and  filter  are  then 
drietl  in  the  hot-nir  halh  at  a  tcmpenitun'  of  110°  to  11->°C.,  and 
the  filter  finally  driwl  to  a  constant  weight  at  the  same  tem|>eraturc. 
The  filter  is  most  conveniently  drietl  ln-twecn  watch  glasses  (Fig.  U I ), 
two  of  these  l>eing  einplovcd,  one  |)la(vd  inside  tlio  other  during  the 
pro<^ess  of  drying,  wliile  one  is  covered  with  the  other  and  heUl  in 
|M)sition  by  a  spring  during  the  jirocess  of  wcijrliing.  The  weight  of 
the  glasses  and  damp,  as  well  as  that  of  the  filter,  is  deducted  from 
the  total  weight,  the  dirterenee  indicating  the  weifjlit  of  the  uric 
acid  in  '20li  c.c.  of  urine.  As  the  uric  acid,  however,  is  slightly 
soluble  in  acidified  urine  and  acidifie<l  water,  a  loss  will  always  arise, 
if  thiij  motliod  in  employed.  If  bnt  :{0  c.c.  of  water  arc  used  during 
the  process  of  washing,  however,  the  loss  will  ]miclicsilly  lie  counter- 
balanced by  the  weight  of  the  coloring  matter  which  is  carried  down 
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by  the  crystals.  It  has  been  estimated,  furthermore,  that  for  every 
10  c.c.  of  water  used,  beyond  the  amount  indicated,  the  addition  of 
0.0045  gramme  to  the  weight  obtained  will  make  up  for  the  loss  of 
uric  acid  resulting. 

While  this  method  may  be  employed  for  clinical  purposes,  it  must 
be  rememl)ered  that  at  times  only  a  portion  of  the  uric  acid,  or  none 
at  all,  separates  out.  Its  absence,  however,  should  not  be  inferred 
under  such  conditions,  as  its  presence  may  be  demonstrated  by  alka- 
linizing  the  acid  filtrate  and  treating  this  with  a  solution  of  nitrate 
of  silver,  when  a  considerable  precipitation  may  occur,  which  is  re- 
ferable to  the  presence  of  uric  acid.  A  test  such  as  this  should  al- 
ways be  made,  and  if  a  considerable  cloudiness  be  obtained,  recourse 
should  be  had  to  one  of  the  more  accurate  methods  described  above. 
In  addition  to  the  precautions  given  the  following  should  be  noted  : 
Urines  rich  in  uric  acid  should  be  warmed  after  the  addition  of  the 
hydrochloric  acid  until  the  cloudiness  which  occurs  upon  the  addition 
of  the  reagent,  owing  to  the  presence  of  acid  urates,  has  disappeared. 
If  a  sediment  or  cloudiness,  due  to  urates,  is  noted  in  the  urine,  it 
should  be  warmed,  and  if  necessary  a  small  amount  of  alkali  added, 
before  the  addition  of  the  hydrochloric  acid. 

The  Xanthin  Bases. 

The  xanthin  bases  which  have  been  found  in  the  urine  are  xanthin, 
hypoxanthin,  hcteroxanthin,  paraxanthin,  guanin,  and  adenin.  Con- 
jointly they  arc  also  spoken  of  as  the  alloxur  bases,  or  purin  bases. 
Together  with  uric  acid  they  are  termed  alloxur  or  purin  bodies. 
Their  relation  to  uric  acid  and  the  nucleins  has  already  been  con- 
sidered (sec  p.  34G).  Unlike  uric  acid  they  also  occur,  as  such,  in 
animal  as  well  as  vegetable  tissues.  The  amount,  which  appears  in 
the  urine  under  normal  conditions,  is  very  small,  constituting  about 
10  per  cent,  of  the  uric  acid.  Larger  quantities  may  be  met  with 
in  various  diseases  and  generally  speaking,  an  increase  in  the  amount 
of  uric  acid  is  associated  with  an  increase  of  the  xanthin  bases. 
This  is,  however,  not  invariably  the  case,  and  at  times  it  may  be 
observed  that  an  increase  of  the  uric  acid  is  accompanied  by  a  dimi- 
nution of  the  xanthins  and  vice  versa.  These  varying  relations  can 
of  course  be  readily  understood,  if  we  remember  that  uric  acid  is  an 
oxidation  product  of  the  xanthin  bases,  and  that  their  ultimate  origin 
is  the  same. 

The  literature  which  deals  with  the  elimination  of  the  xanthin 
bases  in  various  diseases  has  during  the  past  few  years  assumed 
enormous  proportions.  This  has  largely  been  owing  to  the  publica- 
tion by  Kriiger  and  Wulff  of  a  simple  method  for  their  quantitative 
estimation.  Unfortunately,  however,  this  method  has  proven  un- 
reliable and  the  results  which  have  thus  been  obtained,  incorrect. 
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Our  knowledge  of  the  relation  of  the  xanthins  to  pathologic  processes 
is  hence  as  defective  at  the  present  time,  as  it  was  years  ago. 

Individually  the  xanthin  bases  are  as  yet  of  little  cliDical  interest. 
Xanthin  has  once  been  found  in  a  urinary  sediment,  and  has  in 
several  instances  been  encountered  as  the  principal  constituent  of 
vesical  calculi.  Its  normal  quantity  is  said  to  vary  between  0.02 
and  0.0.*^  gramme.  Larger  quantities  are  found  after  a  meal  rich 
in  nucleins,  in  leukaemia,  nephritis,  pneumonia,  etc. 

Paraxanthin  and  heteroxanthin  are  present  only  in  traces,  as  is  ap- 
parent from  the  fact  that  Kruger  and  Salomon  were  able  to  obtain 
but  7.5  grammes  of  heteroxanthin  from  10,000  litres  of  urine.  Both 
apparently  are  distinctly  toxic. 

Xanthin  sediments  may  be  recognized  by  means  of  the  following 
test :  a  small  amount  of  the  material  is  treated  with  a  few  drops  of 
concentrated  nitric  acid,  on  a  porcelain  plate,  and  evaporated  to  dry- 
ness. In  the  presence  of  xanthin  a  yellow  residue  is  obtained,  which 
turns  red  upon  the  addition  of  a  few  drops  of  a  sodium  hydrate 
solution  and  the  application  of  heat.  The  reaction  is  common  to  all 
the  xanthins. 

Quantitative  Estimation. — Salkowski's  Method. — 600  c.c.  of  urine 
are  precipitated  with  200  c.c.  of  magnesia  mixture  (see  p.  356),  when 
a  3-per-cent.  solution  of  nitrate  of  silver  is  added  to  from  700—750 
c.c.  of  the  filtrate.  The  proportion  should  be  6  c.c.  for  every  100 
c.c.  of  urine.  The  silver  nitrate  solution  should  be  added  as  described 
on  p.  356.  After  standing  for  one  hour,  the  mixture  is  filtered,  and 
the  precipitate  washed  with  water,  until  all  the  free  silver  has  been 
removed.  The  filter  is  then  ])erforatcd,  the  precipitate  washed  into 
a  flask  with  from  600-800  c.c.  of  water,  acidified  with  hydrochloric 
acid,  and  decora |)osed  with  sulphuretted  hydrogen.  The  excess  of 
sulphuretted  hydrogen  is  removed  by  heating  on  the  water  bath, 
when  the  sulphide  of  silver  is  filtered  ofi*,  and  the  filtrate  is  evaporated 
to  dryness.  The  residue  is  treated  with  from  "I'y—M)  c.c.  of  dilute 
sulphuric  acid  (1:100).  This  solution  is  brought  to  the  boiling 
point  and  allowed  to  stiind  over  night.  The  uric  acid,  which  has 
then  separated  out  is  filtered  off,  washed  with  a  small  amount  of 
dilute  sulphuric  acid  (not  more  than  •")()  c.c),  then  with  alcohol  and 
ether  and  weighed.  To  the  resulting  weight  O.OOOo  gramme  is 
added  for  every  10  c.c.  of  the  acid  filtrate,  to  allow  for  the  trace  of 
uric  acid  which  is  thus  lost. 

After  having  filtered  ott'  the  uric  acid,  the  filtrate  is  again  treated 
with  ammonia  and  silver  solution,  and  the  xanthin  bases  thus  pre- 
cipitated. The  precipitate  is  collected  on  a  small  filter,  washed  with 
water,  dried  and  incinerated.  The  ash  is  dissolved  in  nitric  acid, 
and  the  silver  estimated  by  titration  with  a  solution  of  potassium 
sulphocyanide,  using  ammonio-ferric  alum  as  an  indicator  (see  p. 
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298).  The  solution  of  potassium  sulphocyanide  employed  in  the 
estimation  of  the  chlorides  may  be  used,  and  is  of  such  strength  that 
1  c.e.  will  correspond  to  0.00734  gramme  of  silver.  As  one  atom 
of  silver  in  a  mixture  of  the  silver  compounds  of  guanin,  xanthin, 
hypoxanthin,  etc.,  represents  0.277  gramme  of  nitrogen,  or  0.7381 
granmie  of  the  alloxur  bases,  it  is  apparent  that  1  c.c.  of  the  potas- 
sium sulphocyanide  solution  will  represent  0.002  gramme  of  nitro- 
gen, and  0.00542  gramme  of  alloxur  bases.  In  every  case  a  care- 
ful account  must  of  course  be  kept  of  the  amount  of  urine  and  filtrate 
used. 

The  amount  of  alloxur  bases  found  by  Salkowski  in  the  normal 
urine  of  twenty-four  hours  varied  between  0.0286  and  0.0561 
gnimme. 

Hippnric  Acid. 

Hippuric  acid  is  a  constant  constituent  of  normal  urine,  0.1  to  1 
gramme  being  excreted  in  the  twenty-four  hours.  That  it  is  derived, 
to  some  extent  at  least,  from  albuminous  material  is  proved  by  the 
fact  that  its  elimination  is  not  suspended  during  starvation  or  during 
the  administration  of  a  purely  albuminous  diet.  The  manner  in 
which  hippuric  acid  is  formed  in  the  body-economy,  however,  has 
not  been  definitely  ascertained.  In  vitro  it  may  be  obtained  from 
glycocoll  and  benzoic  acid,  according  to  the  equation  : 

Beuzoic  acid.    Glycocoll.    Hippuric  acid. 

QHi    +CH2NH,  =  CH,NH  — C.HsCO-f  H,0. 
COOH      coon  COOH 

It  has  been  shown  that  phenyl-propionic  acid,  which  differs  from 
benzoic  acid  by  the  group  C^H^,  and  which  latter  may  be  regarded 
as  phenyl-formic  acid,  is  produced  during  the  process  of  intestinal 
putrefaction.  The  relation  between  the  two  bodies  is  seen  from 
the  formulae  : 


Formic 
acid. 

Phenyl-formic 
acid. 

Propionic 
acid. 

Phenyl-propionic 
acid. 

H 
COOH 

COOH 

CH3 

CH,      1 
COOH 

CH,.C,H5 
»-»-  OH, 

COOH 

Phenyl-propionic  acid  is  then  absorbed  into  the  blood  and  there, 
according  to  our  present  ideas,  transformed  into  phenyl-formic  acid, 
or  benzoic  acid.  When  the  latter  comes  in  contact  with  glycocoll, 
which  is  probably  also  produced  during  the  process  of  intestinal 
putrefaction,  an  interaction  between  the  two  substances  occurs,  hip- 
puric acid  resulting,  as  shown  in  the  above  equation.     This  view  is 
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supported  by  the  fact  that  phenyl-propionic  acid,  just  as  benzoic 
acid,  when  introduced  into  the  circulation  of  certain  animals,  reap- 
pears in  the  urine  as  hippuric  acid.  The  final  proof  of  the  possible 
synthesis  of  hippuric  acid  from  glycocoU  and  benzoic  acid  in  the 
body  has  been  furnished  by  Bunge  and  Schmiedeberg,  who  obtained 
this  substance,  when  arterialized  blood  containing  glycocoll  and 
sodium  benzoate  was  allowed  to  pass  through  isolated  kidneys  of  dogs. 

Not  all  the  hippuric  acid  eliminated,  however,  is  referable  to 
albuminous  material,  but  a  considerable  portion  is  derived  from 
benzoic  acid,  or  its  derivatives,  which  latter  are  contained  in  many 
of  our  fruits,  and  are  transformed  into  hippuric  acid  in  the  body. 
Among  those  which  are  particularly  rich  in  these  substances  there 
must  be  mentioned  the  red  bilberry,  prunes,  coffee-beans,  reines- 
claudes,  etc.,  and  in  all  cases  in  which  an  increased  elimination  of 
hippuric  acid  is  observed,  the  possibility  of  this  source  must  always 
be  taken  into  account. 

As  to  the  seat  of  this  synthesis  there  appears  to  be  some  uncer- 
tainty, as  it  is  api>arently  not  the  same  in  all  animals.  In  the  dog 
and  the  frog  the  kidneys,  according  to  the  researches  of  Bunge  and 
Schmiedeberg,  must  be  regarded  as  the  principal  and  possibly  the 
only  organs  in  which  this  process  occurs.  As  Salomon,  however, 
has  demonstrated  the  presence  of  hippuric  acid  in  the  muscles,  liver^ 
and  blooil  of  nephrectomized  rabbits,  still  other  organs  must,  in  the 
herbivora  at  least,  be  concerned  in  its  production. 

Very  little  is  known  of  the  pathologic  variations  in  the  excretion 
of  hippuric  acid  ;  this  is  principally  owing  to  the  fact  that  until 
recently  suitable  methods  for  its  quantitative  estimation  were  un- 
known. It  is  an  interesting  fact  that,  in  accordance  with  Bunge's 
experiments  in  dogs,  the  elimination  of  liippuric  acid  appears  to  be 
entirely  suspended  in  eases  of  acute  as  well  as  chronic  parenchyma- 
tous nephritis,  for  the  benzoic  acid,  which  is  then  ingested,  reappears 
in  the  urine  unchanged.  In  amyloid  degeneration  a  marked  dimi- 
nution in  its  amount  has  likewise  been  demonstrated.  liarge  quan- 
tities of  hippuric  acid,  on  the  other  liand,  liave  been  noted  in  acute 
febrile  diseases,  hepatic  disease's,  diabetes  mellitus,  chorea,  etc.  The 
data,  however,  are  insufficient  to  warrant  any  definite  conclusions  at 
the  present  time. 

Properties  of  Hippuric  Acid. — Chemically,  hippuric  acid  must 
be  regarded  as  benzoyl-amido-acetic  acid,  C„II„X().j — (C^H.-COXH.- 
CHgCOOH).  It  crystallizes  in  long  rhombic  prisms,  when  allowed 
to  separate  from  its  solutions  gradually,  while  it  forms  long  needles, 
if  crystallization  takes  place  rapidly  and  the  amount  is  small  (Fig. 
92).  In  water  and  ether  it  is  soluble  with  difficulty,  while  it  dis- 
solves readily  in  alcohol  and  in  a(|ueous  solutions  of  the  hydrates 
and  carbonates  of  the  alkalies,   forming  salts,  from  which  the  acid 
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may  again  be  separated  and  caused  to  crystallize  out,  by  adding  a 
stronger  acid. 

Wlien  hippuric  acid  or  one  of  its  salts  is  evaporated  to  dryneBs 
with  concentrated  nitric  acid  and  the  residue  heated,  the  odor  of 
bitter  almonds  is  noticed  ;  this  is  due  to  the  formation  of  nitro-benzol. 

When  Iwiled  with  hydrochloric  acid  or  dilute  sulphuric  acid  it  is 
decomposed  into  glycocoll  and  benzoic  acid,  A  similar  decomposi- 
tion is  effected  during  the  process  of  putrefaction,  and  hence  no  hip- 
puric acid  is  found  in  decomposing  urine,  benzole  acid  taking  its  place. 
The  latter  is  always  found  in  the  urine  together  with  hippuric  acid, 
but  has  no  clinical  significance.  In  large  amounts  it  has  recently 
been  encountered  in  a  case  of  diabetes.  It  crystallizes  in  needles  or 
lustrous  lamiuEe,  presenting  ragged  edges,  which  somewhat  resemble 


plates  of  cholesterin.  It  is  soluble  with  difficulty  in  cold  water,  but 
easily  soluble  in  ether,  alcohol,  and  solutions  of  the  alkaline  car- 
bonates and  hydrates,  forming  salts  with  the  latter. 

Hippuric  acid  in  the  urine  occurs  in  combination  with  sodium, 
potassium,  calcium,  aud  magnesium. 

Qaajititative  Estimation  of  Hippuric  Acid. — The  following 
metho<l,  which  may  be  employed  for  the  quantitative  estimation  of 
hippuric  acid,  although  very  tedious,  must  also  be  employed  when  it 
is  desired  to  test  for  its  presence. 

Principle :  Hippuric  acid  readily  dissolves  in  wlutioua  of  the 
alkaline  hydrates  and  carbonates,  forming  salts.  These  are  decora- 
posed  by  means  of  a  stronger  acid,  when  the  hippuric  acid  which 
separates  out  is  collected  and  weighed. 

Method ;  Five  hundred  to  one  thousand  ce.  of  fresb  urine  are 
evaporated  to  a  syrupy  consistence  on  a  water-bath,  care  being  taken 


364  THE  URINE, 

to  keep  the  urine  neutral  by  the  addition  of  sodium  carbonate.     The 
residue  is  extracted  with  cold  alcohol  (90-  to  95-per-cent.),  taking 
about  half  of  the  quantity  as  that  of  the  urine  employed.     The  mix- 
ture is  then  set  aside  for  twenty-four  hours.     The  alcoholic  filtrate, 
which  contains  the  salts  of  hippuric  acid,  is  freed  from  alcohol  by 
distillation.     The  remaining  solution  is  strongly  acidified  with  acetic 
acid  and  extracted  with  at  least  five  times  its  own  volume  of  alcoholic 
ether  (1  part  of  alcohol  to  9  parts  of  ether).     From  the  combined 
extracts  the  ether  is  distilled  off  and  the  remaining  solution  evap- 
orated on  the  water-bath.     The  resinous  residue  is  boiled  with  water, 
set  aside  to  cool,  and  filtered  through  a  well-moistened  filter.      The 
hippuric  acid,  which  is  easily  soluble  in  boiling  water,  is  thus  sepa- 
rated from  other  constituents  which  arc  soluble  in  alcohol  and  ether. 
The  filtrate  is  rendered  alkaline  with  a  little  milk  of  lime,  any  excess 
of  calcium  being  removed  by  passing  carbon  dioxide  through  the  mix- 
ture.    This  is  then  brought  to  the  boiling-point  and  filtered.      Any 
impurities  which  may  be  present  are  removed  by  shaking  with  ether. 
The  calcium  salts  remaining  in  solution  are  decomposed  by  means  of 
an  acid  and  the  solution  again  extracted  with  ether.     The  remaining 
solution  is  evaporated  to  a  few  c.c,  when  the  liippuric  acid  will  sepa- 
rate out  on  standing.     The  crystals  are  dried  on  plates  of  plaster- 
of-Paris,  shaken  with  benzol  or  petroleum -ether  to  remove  any  ben- 
zoic acid,  and  finally  weighed.     These  crystals  may  be  shown  to  be 
hippuric  acid   by  their  microscopic  appearance,  their  solubility  in 
alcohol,  and  their  behavior  when  evaporated  with  concentrated  nitric 
acid,  as  indicated  above. 

Hofineister's  Method. — Two  hundred  to  three  hundred  c.c.  of  urine 
are  eviipomted  in  a  glass  dish  to  one-tliird  of  the  original  volume, 
tnnited  with  4  grammes  of  disodiuni  phosphate  to  transform  the  acid 
into  its  sodium  salt.  The  mixture  is  evaporated  to  a  syrupy  con- 
sistence, the  residue  treated  with  burnt  gypsum,  dried  thoroughly, 
and  pulverized  together  with  the  dish.  The  powder  is  extracted  in 
a  Soxhlet  apparatus  with  freshly  rectified  petroleum-ether  (boiling- 
point  ()0°  to  80°  C.)  for  forty-six  hours,  and  then  for  six  to  ten 
hours  with  pure  ether  (free  from  water  and  alcohol).  After  distilling 
off  the  ether,  the  residue  is  dissolved  in  boiling  water  and  decolorized 
with  animal  charcoal,  the  latter  being  suhseijuently  thoroughly 
washed  with  boiling  water  ;  the  solution  and  washings  are  evaporated 
to  about  1  or  2  c.c.  at  a  temperature  of  from  50°  to  ()0°  C,  and  set 
aside  to  crystiilHze.  The  crystals  of  hippuric  acid  are  finally  washed 
with  a  few  drops  of  water  and  ether,  and  weighed. 

Kreatin  and  Kreatinin. 

Kreatin,  which  is  constantly  present  in  muscle  tissue,  is  in  all 
probability  the  immediate  and   constant  antecedent  of  kreatinin,  so 
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that  two  sources  of  this  body  must  be  recognized,  viz,  the  muscle- 
tissue  of  the  body  and  the  muscle-tissue  ingested  as  food.  Beyond 
this,  however,  practically  nothing  is  known,  and  as  the  artificial  pro- 
duction of  kreatinin  from  albuminous  material  has  so  far  never  been 
accomplished,  it  is  hardly  warrantable  to  venture  an  hypothesis  as 
to  its  mode  of  formation  in  the  body. 

Kreatinin  is  a  constant  constituent  of  the  urine,  about  1  gramme 
being  daily  excreted  by  a  healthy  adult.  Pathologically  variations  in 
this  amount  have  been  observed,  but  the  data  so  far  obtained  possess 
little  value.  Before  drawing  conclusions  from  any  observ^ations, 
which  are  made  in  the  clinical  laboratory,  it  is  necessary  to  take  into 
account  the  quantity  of  meat  ingested,  as  a  meat-diet  will  greatly 
increase  the  amount  of  kreatinin.  If  then  in  patients  afifected  with 
acute  febrile  diseases,  such  as  pneumonia,  typhoid  fever,  etc.,  a  large 
increase  is  observed,  the  patient  being  at  the  same  time  upon  a  milk- 
diet,  an  increased  destruction  of  muscle-tissue  may  be  inferred,  as  a 
milk-diet  in  itself,  cetetns  paribus,  causes  a  diminished  elimination.  A 
decrease  would  logically  be  expected  to  occur  during  convalescence 
from  such  diseases.  In  the  various  forms  of  anaemia,  marasmus, 
chlorosis,  phthisis,  etc.,  a  diminished  amount  is  observed. 

The  transformation  of  kreatin  into  kreatinin  has  been  supposed  to 
take  place  in  the  kidneys,  a  view  which  accords  with  the  greatly 
diminished  excretion  of  kreatinin  in  well-advanced  cases  of  chronic 
I)arenchymatous  nephritis.  In  progressive  muscular  atrophy,  in 
pseudo-hypertrophic  paralysis,  and  in  progressive  ossifying  myositis 
a  diminution  has  also  been  noted. 

Properties  pf  Kreatin  and  Kreatinin. — Chemically  kreatin  may 
l>e  regarded  as  a  methyl  derivative  of  glycocyanin,  which  latter  is 
guanidin  in  which  one  NHg  group  has  been  replaced  by  glycocoll. 
Kreatinin,  on  the  other  hand,  is  the  methyl  derivative  of  glycocy- 
anidin,  which  differs  from  glycocyanin  only  in  the  absence  of  1 
molecule  of  water,  so  that  kreatinin  is  kreatin  minus  1  molecule  of 
water,  both  being  derivatives  of  guanidin.  The  relation  between 
the  various  bodies  is  shown  below ; 

Guanidin. 
C=:NH 

XNHj 

Glycocyanin.  Kreatin. 

/NH2  /NHj 

C=NH  C=NH 

XNH.CHj.COOH  \N(CHs).CH,.COOH 

Glycocyanidin  (glycocyanin  minus  water).        Kreatinin  (kreatin  minus  water). 


/NH  /NH 

c4nh  C= 


\NH.CH2.C0  \N(CH,).CH,.C0 
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Kreatinin  crystallizes  without  water  of  crystallization  in  oolorlen, 
glistening  prisms.  At  times,  when  the  crystals  are  not  \irell  devel- 
oped, it  also  appears  in  the  form  of  whetstones.  It  is  readily  soluble 
in  hot  and  also  quite  soluble  in  cold  water  and  hot  alcohol ;  in  cold 
alcohol  and  ether  it  dissolves  with  ditficultv. 

It  forms  salts  with  acids,  and  double  salts  with  some  of  the  salts 
of  the  heavy  metals.  Among  these  may  be  mentioned  kreatinin 
hydrochloride,  C\HyX,O.HCl,  which  is  easily  soluble  in  \irater  and 
crystallizes  in  the  form  of  transparent  prisms  or  rhombic  plates. 
Most  important  is  the  compound  of  kreatinin  with  zinc  chloride, 
(C^H^X,0)2.ZnCl2  (Fig.  93).  This  is  produced  when  a  watery  or 
alcoholic  solution  of  kreatinin  is  treated  with  chloride  of  zinc.  The 
crystalline  form  of  this  compound  depends  greatly  upon   the  purity 

Fi(i.  93. 


Crystals  of  kreatiiiiii-7.inc  chloride.     (Salkowski.) 

of  the  kreatinin  solution.  When  ol)taiiU'(l  from  alcoholic  extracts 
of  the  urine,  it  occurs  in  the  form  of  varicose  conglomerations  which 
often  adhere  firmlv  to  the  walls  of  the  vessel.  If  the  solution  of 
kreatinin  is  perfectly  jmre,  however,  it  is  seen  in  the  form  of  fine 
needles  groujx?d  together  in  ros(»ttes  or  sheaves.  Kreatinin-zinc 
chloride  is  soluble  with  nuieh  di faculty  in  water  and  insoluble  in 
alcohol.  This  conij)ound  is  especially  inij)ortant,  as  upon  its  forma- 
tion and  properties  the  (quantitative  estimation  of  kreatinin  in  the 
urine  is  based.  Nitrate  of  silver  and  mereurie  chloride  cause  a  pre- 
cipitation of  kreatinin,  and  may,  therefore,  also  he  employed  for  the 
purpose  of  obtaining  the  substance  from  the  urine. 

Test  for  B^reatinin  in  the  Urine. — A  f(  w  c.e.  of  urine*  are  treated 
with  a  few  drops  of  a  very  dilute  solution  of  sodium  nitro-j)russide, 
and  then  drop  by  drop  with  a  dilute  solution  of  sodium  hydrate  ; 
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in  the  presence  of  kreatinin  the  urine  assumes  a  ruby-red  color, 
wliich  is  particularly  well  seen  in  the  lower  portion  of  the  tube. 
This  color  disappears  after  a  few  minutes,  and  is  replaced  by  an  in- 
tense yellow,  which,  on  warming  with  glacial  acetic  acid  in  pure  so- 
lutions, turns  to  green  ( WeyVs  test).  The  presence  of  albumin  or 
sugar  does  not  interfere  with  the  reaction. 

Quantitative  Estimation  of  BIreatinin  in  the  Urine. — Principle : 

When  an  alcoholic  extract  of  the  urine  is  treated  with  an  alcoholic 
solution  of  zinc  chloride,  kreatinin-zinc  chloride  separates  out. 
This,  as  has  been  mentioned,  is  almost  insoluble  in  alcohol.  Know- 
ing the  molecular  weight  of  kreatinin  and  kreatinin-zinc  chloride, 
th^  calculation  of  the  amount  of  kreatinin  becomes  a  simple  matter. 
The  molecular  weight  of  kreatinin  is  113,  that  of  kreatinin-zinc 
chloride  362.  In  362  parts  by  weight  of  the  latter  there  are,  hence, 
226  parts  by  weight  of  kreatinin,  so  that  the  amount  of  the  kreatinin 
may  be  calculated  from  the  weight  of  the  kreatinin-zinc  chloride  ac- 
cording to  the  following  equation  :  362  :  226  ::  y  :  x,  and  x  = 
0.6243y,  in  which  y  indicates  the  weight  of  the  kreatinin-zinc 
chloride  found,  and  x  the  corresponding  amount  of  kreatinin.  The 
phosphates  must,  of  course,  first  be  eliminated,  as  insoluble  zinc 
phosphate  would  otherwise  be  precipitated. 

Method  : — In  240  c.c.  of  urine  the  phosphates  are  first  removed 
by  rendering  the  urine  alkaline  with  milk  of  lime,  and  then  adding 
calcium  chloride  so  long  as  a  precipitate  forms.  If  the  volume  is 
now  loss  than  300  c.c,  water  is  added  to  that  amount.  The  mixture 
is  filtered  after  having  been  allowed  to  stand  for  one-quarter  to  one- 
half  hour,  and  washed  with  a  little  water ;  250  c.c.  of  the  mixture 
are  then  measured  off,  and  slightly  acidified  with  dilute  hydrochloric 
acid,  so  as  to  prevent  the  transformation  of  kreatinin  into  kreatin 
during  the  long  process  of  evaporation.  This  amount  is  evaporated 
on  the  water-bath  to  a  syrupy  consistence,  and  then  thoroughly  mixed 
with  20  to  30  c.c.  of  absolute  alcohol.  The  mixture  is  poured  into 
a  stoppered  flask  provided  with  a  100  c.c.  mark,  and  after  thor- 
oughly rinsing  out  the  evaporating-dish  with  absolute  alcohol  the 
washings  are  also  placed  in  the  bottle,  and  absolute  alcohol  added  to 
the  mark.  The  bottle  is  thoroughly  shaken  and  set  aside  in  a  cool 
place  for  twenty-four  hours,  the  mixture  being  agitated  from  time  to 
time.  It  is  now  filtered  and  rendered  slightly  alkaline  with  a  drop 
or  two  of  a  sodium  carbonate  solution,  as  kreatinin  hydrochloride  is 
not  precipitated  by  chloride  of  zinc.  The  reaction,  however,  should 
be  ovi\y  faintly  alkaline,  as  otherwise  zinc  oxide  will  be  precipitated. 
The  mixture  is  now  slightly  acidified  with  acetic  acid.  Eighty  c.c, 
corresponding  to  160  c.c.  of  urine,  are  treated  with  10  to  15  drops 
of  an  alcoholic  solution  of  zinc  chloride,  prepared  by  dissolving  the 
salt  in  80-per-cent.  alcohol  and  diluting  with  95-per-cent.  alcohol  to 
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a  specific  gra^*itT  of  1 .2.  The  mixture  is  then  well  stirred  and  set 
aside  in  a  cool  place  for  two  or  three  days.  The  crystals,  which  are 
usually  deposited  on  the  sides  of  the  vessel  in  the  form  of  wart-like 
masses,  are  then  collected  upon  a  dried  and  weighed  filter,  always 
using  portions  of  the  filtrate  to  bring  the  crystals  completely  upon 
the  filter.  These  are  wa^lied  \rith  a  small  amount  of  90-per-cent 
alcohol,  until  the  washings  are  without  color  and  ^ve  only  a  slight 
opalescence  when  treated  with  a  drop  of  nitrate  of  silver  solution. 
The  crystals  are  finally  dried  at  a  temperature  of  lOO^C,  and 
weighed.  By  multiplying  the  weight  thus  found  by  0.6243  the 
amount  of  kreatinin  is  obtaineil. 

Precautions. — 1.  Albumin  and  sugar,  if  present,  must  first  be 
removed.  In  diabetic  urines  it  is  best,  after  ha>nng  removed  the 
sugar  by  fermentation,  to  take  one-fifth  of  the  total  quantity  elimi- 
nated in  twenty-four  hours,  and  to  evaporate  this  to  about  300  c.c, 
before  removing  the  phosphates. 

2.  The  weighed  material  should  bi*  examineil  microscopically  to  see 
whether  notable  quantities  of  sodium  chloride  are  present.  Should 
such  be  the  case  it  is  necessary  to  determine  the  amount  of  zinc  present, 
and  to  estimate  the  kreatinin  from  this.  To  this  end  the  alcoholic 
solution  containing  the  kreatinin-zinc  chloride  is  evajwrated  to  drj'- 
ness  after  the  addition  of  a  little  nitric  acid.  The  residue  is  incin- 
erated, extracted  with  water,  washed,  dried,  fused,  and  finally 
weighed. 

As  100  parts  of  kreatinin-zinc  chloride  correspond  to  22.4  parts 
by  weight  of  zinc  oxide,  the  corres|X)nding  amount  of  the  compound 
is  found  aix'ording  to  the  following  ecjuation  :  22.4  :  100  : :  y  :  x, 
and  X  =  4.4G42,  in  which  y  represents  the  amount  of  zinc  oxide 
found,  and  x  the  corresponding  amount  of  kreatinin-zinc  chloride. 
By  multiplying  the  numl)er  thus  ascertained!  l)y  0.G243  the  amount 
of  kreatinin  is  found. 

3.  Instead  of  doing  this  tlie  precipitate  in  the  alcoholic  solution 
may  lx»  examined  niicroscopieally  before  filtering.  If  sodium  chlo- 
ride crystals  are  found,  providing  that  the  kreatinin-zinc  chloride 
adheres  to  the  sides  of  the  vessel,  the  sodium  chloride  may  be  dis- 
solved in  a  little  wat(T  and  poured  off. 

4.  If  the  crystals  of  kreatinin-zinc  chloride  adhere  verv  firmlv 
to  the  sides  of  the  vessel,  so  that  their  removal  would  be  in- 
complete, it  is  perhaps  best  to  dissolve  them  in  a  little  hot 
water,  to  evaporate  to  dryness,  and  to  weigh  the  kreatinin  conijx)und 
directly. 

5.  If  the  urine  shows  an  alkaline  reaction,  it  is  best  to  acidify 
with  sulphuric  acid,  and  to  boil  for  half  an  hour  before  removing  the 
phosphates,  so  as  to  transform  any  kreatin  that  may  be  present  into 
kreatinin,  when  the  examination  is  continued  as  described. 
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Oxalic  Acid. 

The  origin  of  oxalic  acid  in  normal  urine  appears  to  be  twofold, 
one  portion  being  referable  to  vegetable  food  ingested,  while  the 
other  originates  in  the  body,  in  a  manner  not  definitely  understood  at 
the  present  time.  It  is  quite  probable,  however,  that  this  latter 
portion  is  derived,  to  some  extent  at  least,  from  uric  acid  through 
a  process  of  oxidation.  This  view  is  supported  by  the  artificial 
production  of  oxalunc  acid  from  uric  acid,  the  former  being  like- 
wise a  constant  constituent  of  the  urine.  Oxaluric  acid  is  readily 
decomposed  into  oxalic  acid  and  urea,  as  is  seen  from  the  following 
equations  : 

Uric  acid.  Alloxan.  Urea. 

Alloxan.  ParabaDic  acid. 

'NH.CO 


I     +  CO,. 
NH.CO 

Parabauic  acid.  Oxaluric  acid. 

y  N  H.  C( )  CO— NH— CONH2 

8.     C0<(  I    +H,()-| 

\NH.C()  CO.  OH 


4. 


Oxaluric  acid.  Oxalic  acid.  Urea. 

CO— XH— COXH,  CX)— OH  /^H^ 

I  -fH.p=|  -fCO<r 

co.on  CO— OH  \NH, 


Oxalic  acid  may  also  result  from  an  incomplete  oxidation  of  car- 
bohydrates. 

From  a  pathologic  stand|)oint  the  study  of  the  excretion  of  oxalic 
acid  is  of  decided  importance.  Care  should,  however,  be  taken  in 
the  interpretation  of  the  results  reached  by  a  chemical  examination, 
as  many  vegetables  are  capable  of  producing  an  excessive  excretion 
of  this  acid.  Among  these  may  be  mentioned  tomatoes,  spinach, 
carrots,  celery,  string-beans,  asparagus,  apples,  grapes,  etc. 

Gjistro-intestinal  disturbances  are  very  apt  to  cause  an  increased 
elimination  of  oxalic  acid,  probably  in  consequence  of  a  defective 
digestion  and  subsequent  oxidation  of  carbohydrates,  the  so-called 
nervous  oxaluria  being  probably  of  this  origin.  Very  interesting 
is  the  form  of  oxaluria  observed  in  cases  of  transient  albuminuria, 
described  by  Senator  and  confirmed  by  v.  Noorden  and  others.  To 
this  class  the  so-called  Albuminuria  and  Brighfs  Disease  of  Uric 
Acid  and  of  Oxalic  Acid  of  Da  Costa  in  all  probability  also  belongs. 

In  the  chapter  on  Phosphates  it  was  shown  that  in  diabetes  mel- 
litus  a  certain  relation  ap])ears  to  exist,  at  times,  between  the  excretion 
of  sugar  and  phosphates,  as  these  bodies  increase  and  decrease  in 
24 
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an  inverse  relation  to  each  other.  A  similar  condition  is  also  noted 
in  the  excretion  of  uric  acid.  In  the  case  of  oxalic  acid  such  a 
vicarious  elimination,  as  it  were,  is  likewise  not  infrequently  ob- 
served, and  may  at  times  be  very  pronounced,  indicating  the  exist- 
ence of  a  probable  relation  between  carbohydrates  and  oxalic  acid. 

The  oxalic  acid  diatliesisy  or  idiopathic  oxaluria,  must  finally  be 
considered.  In  this  condition  there  is  associated  with  a  definitely 
recognizable  increased  production  a  temporary  retention,  fi>lIowed 
by  an  increased  elimination  of  oxalic  acid,  notwithstanding  the  fact 
that  a  perfectly  normal  diet — i.  e.,  one  not  especially  rich  in  oxalic 
acid-containing  constituents — is  taken.  There  can  thus  be  no  doubt 
of  the  occurrence  of  abnormal  metabolic  processes  in  the  body. 
These  are  probably  similar  to  those  giving  rise  to  diabetes  mellitos, 
in  which  a  suspended  oxidation  apparently  occurs,  while  an  insufficient 
oxidation  is  observed  in  idiopathic  oxaluria.  The  relation  between 
the  two  diseases  is  further  shown  by  the  vicarious  elimination  of 
oxalic  acid  in  diabetes. 

Properties  of  Oxalic  Acid. — Oxalic  acid  occurs  in  the  urine  as 
calcium  oxalate,  CaC^O^,  and  is  held  in  solution  by  the  diacid  sodium 

Fkj.  94. 


Calcium  oxulato  crvstuls. 


phosphate.  It  can,  hence,  be  j)recij)itatecl  l)y  diininishing  the  acidity 
of  the  urine  by  the  addition  of  a  littlo  ammonia,  or  by  allowing  it 
to  stand  exposed  to  tlie  air.  (.'alciuni  oxalate,  when  allowed  to  crys- 
tallize out  slowly,  occurs  in  the  ibrni  of  well-defined,  strongly  re- 
fractive octahedra,  the  well-known  enveloj)e  forms  resulting,  in 
which  the  principal  axis  of  tiie  crystals  is  placed  at  right  angles  to 
the  plane  of  the  microscope  slide  (Fig.  04). 

Calcium  oxalate  is  readily  recognized  by  its  characteristic  crystals, 
its  insolubility  in  acetic  acid,  and  its  solubility  in  hydrochloric  acid. 
When  strongly  heated  it  is  decomposed  into  calcium  oxide,  carbon 
dioxide,  and  carbon  monoxide,  acc*ording  to  the  ec|uation  : 

('aC,(\  =  CaO  -f  CO,  +  CO. 
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The  quantity  excreted  in  the  twenty-four  hours  varies  from  faint 
traces  to  20  milligrammes.  It  should  be  remembered  that  an  in- 
creased or  diminished  excretion  of  oxalic  acid  cannot  be  determined  by 
a  microscopic  examination  of  the  sediment,  as  numerous  crystals  of 
oxalate  of  calcium  may  be  seen,  when  a  quantitative  estimation  actually 
shows  a  diminution  of  the  normal  amount,  and.  vice  versa. 

Tests  for  Oxalic  Acid. — For  the  detection  of  calcium  oxalate  it 
is  frequently  only  necessary  to  examine  the  sediment  of  the  urine, 
after  twenty-four  to  forty-eight  hours.  But,  as  I  have  just  pointed 
out,  no  oxalate  crystals  may  be  found,  even  when  an  abnormally 
large  amount  can  be  demonstrated  by  chemical  methods.  In  such 
cases  it  is  usunlly  possible  to  bring  about  the  crystallization  of  the 
salt  by  carefully  neutralizing  the  urine  with  a  little  ammonia.  Should 
this  procedure  not  lead  to  the  desired  end,  it  is  best  to  proceed  by  a 
method,  which  may  at  the  same  time  be  employed  for  its  quantitative 
estimation. 

Quantitative  Estimation  of  Oxalic  Acid. — Principle :  The 
oxalate  of  calcium  in  the  urine  is  held  in  solution  by  the  diacid 
sodium  phosphate.  If  this  is  remftved  by  means  of  calcium  chloride 
and  ammonia,  the  calcium  oxalate  is  precipitated.  By  heating  this 
strongly  it  is  transformed  into  calcium  oxide. 

As  56  parts  by  weight  of  calcium  oxide  correspond  to  128  parts 
by  weight  of  calcium  oxalate,  the  amount  of  the  latter  can  be 
readily  calculated  according  to  the  equation  :  66  :  128  ::  y  :  x,  and 
x  =  2.285 7y,  in  which  y  indicates  the  amount  of  calcium  oxide 
found  in  a  given  amount  of  urine,  and  x  the  corresponding  amount 
of  calcium  oxalate.  As  1  molecule  of  oxalic  acid,  moreover,  corre- 
sponds to  1  molecule  of  calcium  oxalate,  the  amount  of  the  former 
can  be  found  from  that  of  the  latter  according  to  the  equation : 
1 28  :  90  : :  y  :  x,  and  x  =  0.703y,  in  which  y  represents  the  amount  of 
calcium  oxalate  found,  and  x  the  amount  of  the  corresponding  acid. 

Method. — A  large  amount  of  urine  (600  to  1,000  c.c),  after 
having  been  treated  with  a  small  amount  of  an  alcoholic  solution  of 
thymol,  so  as  to  guard  against  putrefactive  processes,  is  treated  with 
calcium  chloride  and  ammonia,  added  in  excess.  The  diacid  sodium 
phosphate  which  holds  the  oxalic  acid  in  solution  is  thus  removed. 
The  precipitate  of  phosphates  is  then  carefully  treated  with  an 
amount  of  acetic  acid  just  sufficient  to  dissolve  it.  As  calcium 
oxalate  is  insoluble  in  acetic  acid,  it  gradually  separates  out.  To 
this  end  the  mixture  is  allowed  to  stand  for  twenty-four  hours,  the 
addition  of  the  thymol  preventing  the  development  of  bacteria.  At 
the  end  of  this  time  the  calcium  oxalate  is  filtered  off  through  a 
small  filter.  It  is  then  washed  with  a  small  amount  of  water  and 
dissolved  with  a  few  drops  of  hydrochloric  acid,  any  uric  acid  that 
may  have  separated  out  being  left  behind.     The  filtrate  is  further 
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treated  with  a  small  amoant  of  very  dilute  ammonia,  so  as  to  render 
the  solution  slightly  alkaline.  After  standing  for  twenty-four  honn 
the  calcium  oxalate  will  have  separated  out,  and  is  collected  upon  a 
small  filter,  the  weight  of  the  ash  in  this  being  known.  Alter  wash- 
ing  with  water  the  contents  of  the  filter  are  dried  and  inciiierated  in 
a  crucible,  heating  strongly  for  about  twenty  minutes,  whereby  the 
oxalate  is  transformed  into  the  oxide.  From  the  weight  of  this  the 
corresponding  amount  of  oxalic  acid  is  readily  calculated  according 
to  directions  given  above. 

Albumins. 

The  albumins  which  may  be  met  with  in  the  urine  are  :  Serum- 
albumin,  serum-globulin,  albumoses  (peptones),  haemoglobin,  nucleo- 
albumin,  fibrin,  and  histon.  Of  these,  serum-albumin  is  the  most 
important  from  a  clinical  standpoint. 

Sertim.albumin. — The  question  whether  or  not  serum-albumin 
occurs  normally  in  the  urine — /.  <?.,  under  strictly  physiologic  con- 
ditions— has  been  much  disputed.  It  is  claimed  by  some  that  traces 
may  be  temporarily  met  with  in  apjxirently  healthy  individuals  after 
severe  muscular  exercise,  cold  baths,  mental  labor,  severe  emotions, 
during  menstruation,  digestion,  etc.  This  so-called  phymologic  albu- 
minurUi  mostly  occurs  in  young  adults,  and  is  usually,  if  not  always, 
of  brief  duration.  The  urine,  it  is  claimed,  is  otherwise  normal — 
/.  €,j  of  normal  amount,  apj>earance,  specific  gravity,  and  composi- 
tion, and  free  from  abnormal  morphologic  constituents,  such  as  casts, 
red  (»orpuscles,  leucocytes,  and  epithelial  cells. 

The  rxistenc(^  of  a  physiologic  albuminuria,  on  the  other  hand,  is 
denied,  and  tlu^  occurrence  of  scruin-all)umin  at  least  regarded  as 
pathologic  in  ev(»rv  case.  I  have  never  Ix^en  able  to  convince  myself 
of  the  occnrronct*  of  scrum-alhuniin  in  the  urine  under  strictly  physio- 
logic conditions,  and  it  has  already  Ikh'U  j)ointed  out  elsewhere  that 
severe  muscular  and  mental  lahor,  scvcn^  mental  emotions,  cold 
baths,  etc.,  can  hardly  he  rcjrardod  as  ]>liysiologic  stimuli  for  all  per- 
sons. The  albuminuria,  so  often  observed  during  the  first  days  of 
life,  at  which  time  sediments  of  uri(»  acid  and  urates,  nuunis,  epithe- 
lial cells  from  the  ditferent  j>ortions  of  the  urinary  tract,  and  even 
<»asts  niav  also  he  seen,  /.  <.,  constituents  whi(*h  in  adults  would 
rightly  be  n^jrardtMl  as  abnormal,  has  also  been  brought  forwaixl  in 
supjH^rt  of  the  theory  of  a  ]>hysiologic  all>uniinuria.  There  can  be 
no  doubt,  however,  that  this  form  o\^  albuminuria  is  referable  to  the 
profound  changes  that  take  j>lace  in  the  eireulatorv  system  after 
birth,  and  to  some  extent  ]x^rhaj>s  also  to  the  W(dl-kno\vn  uric-acid 
infarctions,  so  fre<juently  st^en  in  the  kidneys  of  the  newly  lx>rn,  so 
that  it  would  probably  Ix?  Ixnter  and  more  in  a<*eord  with  the  teach- 
ings of  i>athoh^-  to  rt^ganl  this  form  of  albuminuria  also  as  abnormal. 
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The  more  closely  the  subject  of  the  so-called  physiologic  albu- 
minuria is  studied  the  more  improbable  does  its  physiologic  nature 
appear,  and  a  more  detailed  study  of  the  metabolic  processes,  it  may 
be  confidently  asserted,  will  ultimately  lead  to  the  conclusion  that 
the  presence  of  albumin  in  every  case  is  a  pathologic  phenomenon. 

The  association  of  an  increased  elimination  of  urea  and  uric  acid 
with  albuminuria  in  apparently  healthy  individuals  was  noted  twenty- 
five  years  ago,  but  received  comparatively  little  attention.  More 
recently,  Da  Costa,  in  a  paper  entitled  "The  Albuminuria  and 
Bright's  Disease  of  Uric  Acid  and  Oxalic  Acid,"  pointed  out  the 
existence  of  albuminuria  associated  with  lithuria  and  oxaluria.  Per- 
sonal observations  have  led  me  to  look  upon  this  form  of  albuminuria 
as  of  common  occurrence,  and  while  in  almost  every  case  the  albumin 
can  be  caused  to  disappear  from  the  urine  by  proper  diet  and  exer»- 
cise,  there  can  be  no  doubt  that,  if  neglected,  granular  atrophy  may 
ultimately  result. 

An  albuminuria  may  at  times  be  observed  in  anaemic  children 
and  adolescents,  and  particularly  in  masturbating  boys  of  the  mouth- 
breathing  type,  but  can  hardly  be  regarded  as  physiologic.  The 
same  may  be  said  of  the  albuminuria  of  pregnancy  and  parturition. 

The  course  which  may  be  taken  by  these  various  forms  of  what 
should  be  termed  functional  albuminuria,  in  which  the  amount  of 
albumin  rarely  exceeds  0.1  per  cent.,  is  very  interesting.  The  elimi- 
nation of  albumin  may  thus  be  quite  transitory  on  the  one  hand,  as 
when  following  severe  muscular  exercise,  cold  baths,  and  the  like. 
It  may,  however,  also  last  for  several  days  or  even  weeks,  and  be  fol- 
lowed by  a  disappearance  of  the  albumin  for  a  variable  length  of 
time,  and  again  by  its  reappearance  and  continuance  for  days  and 
weeks.  The  term  intermittent  albuminuria  has  been  applied  to  this 
latter  type.  At  times  the  albuminuria  may  follow  a  definite  course, 
disappearing  and  reappearing  with  such  regularity  that  it  has  not 
improperly  been  styled  cyclic:  albuminuria.  In  this  form  the  albumin 
generally  disappears  from  the  urine  during  the  night,  or  during  a 
prolonged  rest  in  bed,  and  reappears  during  the  day,  the  erect  pos- 
ture apparently  favoring  its  reappearance ;  the  term  postural  albu- 
minuria has  hence  also  been  suggested  for  this  form.  Osswald,  who 
made  a  careful  study  of  cyclic  albuminuria  in  RiegeFs  clinic,  regards 
its  occurrence  as  distinctly  pathologic,  and  as  indicating  the  existence 
of  nephritis.  Remembering  the  importance  of  the  subject,  it  may 
not  be  out  of  place  to  enumerate  the  reasons  which  led  Osswald  to 
this  conclusion  : 

1.  The  patients  generally  come  to  the  physician  complaining  of 
certain  definite  symptoms,  which  are  the  same  as  those  noted  in  cases 
of  true  nephritis.  At  times,  however,  no  complaints  are  made,  be- 
cause the  patients  have  reasons  for  concealing  them  (as  in  examiua- 


ttf>iK  Sic  ^Stixscnntx  .  OF  b«»»nt<e-  c&i^  are  tofr  die  time  beii^ 

2-  Hw^  «a&<iwciTi>^  '^jmyafigs.  £r  wvjl  ^^  the  ansiiini  so  ficqoentlj 
ol)is«rr<iiI  In.  «cir!&  •cb^ef.  £**Qerx[Ij  •iasfcpfHEar.  voipAtr  with   the  albo- 

mia.  dSH&rr  «iiiGiJb-lj<>  i^feasoai^GiL  uisii  ;ffAjp{war  when  the  attapwii^  sg^ 

:j.  la  EEk&ai-  s  bisCt>rj  vf  aji  uiiMKi^ieaii  oe-pkritisy  the  result  of 
£car{atim  «c*r  iiiphnheni.  eoaj  r-e  •^y>calDic«l.  &^  in  three  esses  of  Heob- 
ner.  in  £>cir[«iea  t:ai=*e!?  *:-ct  -^yt  ipr-ecrr  •i««»^rib<d  bv  Johnson,  etc.  Id 
some  al5*>  a  «iine«t  cnn»:<i>?o  t^t^xu  ;fcs  ^^uie  nephritis  to  the  cyclic 
form  <>f  albominiina  tuk«  r^e^n  E^xiie^L  Where  this  was  not  posable 
the  history  of  an  acace  intWc^jcs  di'=<ease  «>r  an  angina^  that  l^d  been 
overlooked  in  the  elini«.^l  hL^cory.  mu^t  he  regarded  as  a  possible 


4.  The  absence  of  m*>rph*>!*>zio  elements,  especially  tabe-castSy 
does  not  exclude  a  ne{)hrids.  ^A  lar^e  number  of  cases,  moreover, 
have  recently  been  ob?er\'eTl  in  which  oasts  were  repeatedly  fbnnd. 

5.  A  cvclic  albimiinuria  mav  l>e  «*b?eTved  in  manv  cases  of  chronic 

«  •  • 

nephritis. 

6.  Marked  organic  abnonualties  t  such  as  heart-lesions)  need  not 
be  demonstrable,  as  they  may  lie  absent  for  a  long  period  of  time,  or 
may  be  unrecognizable. 

Senator's  statement,  that  the  existence  of  a  physiologic  albuminuria 
is  proved  by  the  fact  that  the  moq>holi>gic  constituents  of  the  prim- 
itive nubecula  contain  albumin,  requires  no  further  criticism,  and 
should  l>e  regarded  as  a  niisc* instruction  of  the  main  point  at  issue — 
a  mere  so])liism — au<l  Posner's  observations,  in  view  of  the  researches 
of  Malfatti,  which  tend  to  show  that  the  IkmIv  obtained  bv  Posner 
was  not  serum-albumin,  but  a  nucleo-albumin,  may  now  l^  regarded 
as  erroneous. 

In  ('(Hichisiony  it  nuuf  Jte  mfrlji  <i^<fierted  tltdt  d  (rfUhsifori/,  intermittent ^ 
(ind  cf/clic  (dhinaiuurid  in  not  infrajnciitlji  ohscrved  in  apparently 
healthy  indiridiuds,  hut  that  the  farts  .yo  far  hrour/ht  forward  do  not 
v'ftrnud  the  a-HHUniption  that  f<urh  forms  of  (dhfiminuria  arc  phyMoiogic, 

It  would  lead  too  far  to  enter  into  a  detailed  consideration  of  the 
various  causes  that  have  from  time  to  time  been  suggested  as  an  ex- 
planation of  the  fact  that  albumin  does  not  occur  in  the  urine  under 
normal  conditions.  There  can  he  no  dou])t,  however,  that  the  integ- 
rity of  the  (»j)ithelial  lining  of  the  glomeruli  and  the  convoluted 
tubules  must  l>e  regarded  as  the  principal  factor  which  prevents  the 
albumin  of  the  blood  from  passing  into  the  urine.  When  the  read- 
iness with  which  the  glandular  structure  of  the  kidney  responds  to 
anv  abnormal  stimulation  is  considered,  it  is  easilv  understood  how 
an  albumimiria  may  be  pnHluced  in  many  different  ways.  Aside 
fW)m  acute  and  chronic  inflammatory  pnx'csses  in  the  widest  sense 
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of  the  word,  an  albuminuria  may  be  the  result  of  circulatory  dis- 
turbances in  the  kidneys  of  whatever  kind — L  e.,  the  result  of  an- 
aemia, as  well  as  of  hyperaemia.  In  many  and  perhaps  the  majority 
of  cases,  in  which,  what  Bamberger  terms  a  hwniatogenous  albximi'- 
nuria,  occurs,  we  have  direct  evidence  of  the  existence  of  circu- 
latory disturbances,  as  in  cases  of  uncompensated  valvular  lesions, 
weak  heart,  emphysema,  hepatic  cirrhosis,  etc.  In  other  cases, 
however,  the  existence  of  such  disturbances  can  only  be  surmised, 
and  the  question,  whether  or  not  the  albuminuria,  observed  in  the 
various  infectious  diseases,  for  example,  is  referable  to  circulatory  ab- 
normalities, or  to  a  direct  irritative  action  of  microbic  poisons  upon 
the  renal  parenchyma,  must  still  remain  an  open  one. 

From  personal  studies  in  connection  with  the  (functional  albu- 
minuria of  Da  Costa,  it  seems  not  unlikely  that  in  many  cases  in 
which  obscure  circulatory  disturbances  are  supposed  to  exist  and 
made  responsible  for  an  existing  albuminuria,  this  is  referable  rather 
to  the  strain  thrown  upon  the  kidneys  by  the  continued  elimination 
of  abnormally  large  quantities  of  organic  material,  the  quantity  of 
water  being  at  the  same  time  proportionately  small. 

If  it  is  remembered,  furthermore,  that  injuries  affecting  certain 
portions  of  the  brain  are  followed  by  albuminuria,  and  that  this 
may  be  artificially  produced  by  a  piqure,  analogous  to  the  glycosuric 
plqure  of  C.  Bernard,  still  another  factor  is  given  which  may  pos- 
sibly enter  into  the  causation  of  albuminuria. 

Obstruction  to  the  outflow  of  urine  from  the  kidneys  has  also 
been  experimentally  shown  to  lead  to  albuminuria,  an  observation 
^vith  which  clinical  experience  is  in  perfect  accord. 

Finally,  an  abnormal  composition  of  the  blood  may  at  times  cause 
the  albuminuria. 

In  passing  on  to  a  more  detailed  study  of  the  various  pathologic 
conditions  in  which  an  elimination  of  albumin  may  be  noted,  an 
attempt  will  be  made  to  classify  the  various  forms  of  albuminuria 
in  accordance  with  the  more  general  considerations  set  forth  above. 
It  should  be  remembered,  however,  as  already  indicated,  that  it  may 
be  very  difficult,  if  not  impossible,  to  assign  one  single  cause  to  a 
given  clinical  case,  as  several  factors  may  at  the  same  time  be  con- 
cerned in  the  production  of  the  albuminuria. 

1.  FuNCTiONAi.  Albuminuria. — Under  this  heading  may  be 
comprised  the  various  forms  of  "  physiologic "  albuminuria,  which 
have  already  been  considered. 

2.  The  Albuminuria  Associated  with  Organic  Diseases 
OF  THE  Kidneys  ;  viz,  acute  and  chronic  nephritis,  renal  arterio- 
sclerosis, amyloid  degeneration  of  the  kidneys. 

In  acute  nephritis,  albuminuria,  usually  of  great  intensity,  is  a 
constant  and  most  important  symptom.     The    amount  eliminated 
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is  generally  proportionate  to  the  intensity  of  the  disease,  bnt  yaricB 
within  fairly  wide  limits,  generally  from  0.3  to  1  per  oent.,  corre- 
sponding to  a  daily  excretion  of  from  5  to  8  grammes.  Much  larger 
quantities,  it  is  true,  are  at  times  excreted,  but  it  may  be  definitelj 
stated  that  the  daily  loss  of  albumin  seldom  exceeds  20  grammes. 

In  chronic  parenchymatous  nephritis  the  elimination  of  albumin  is 
likewise  constant,  and  the  amount  excreted  in  severe  cases  may  even  ex- 
ceed that  observed  in  the  acute  form.  An  elimination  of  from  15  to  30 
grammes,  viz,  1.5  to  3  percent,  by  weight,  is  frequently  obser\'ed. 

In  the  ordinary  form  of  chronic  interstitial  nephritis  the  elimina- 
tion of  albumin  is,  as  a  general  rule,  slight,  and  rarely  amounts  to 
more  than  2  to  5  grammes  pro  die.  At  the  same  time  it  is  not 
unusual  to  meet  with  an  apparent  absence  of  albumin,  if  the  more 
common  tests  (see  below)  are  employed.  If  it  is  remembered  that 
very  often  the  diagnosis  of  the  disciise  is  dependent  upon  the  dem- 
onstration of  the  presence  or  absence  of  albumin,  the  necessity  of 
frequent  examinations  and  the  employment  of  more  delicate  tests, 
particularly  of  the  trichloracetie-acid  test,  as  well  as  of  a  microscopic 
examination,  is  at  once  apparent.  This  i.s  even  of  greater  importance 
in  the  renal  arterio-sclerosis  of  Senator,  in  which  albumin  by  the 
ordinary  tests  is  probably  not  demonstrable  in  the  majority  of  cases, 
and  in  which  even  the  trichlonicetic-acid  test  may  not  be  of  service, 
and  casts  are  absent. 

Amyloid  degeneration  of  the  kidneys,  in  the  absence  of  inflamma- 
tory j)roces.ses,  is  accom])anied  by  a  condition  of  the  urine,  closely 
resembling  that  observed  in  the  ordinary  form  of  chronic  interstitial 
nephritis.  A  total  absence  of  albumin,  however,  is  less  frequently 
noted,  while  an  amount  varyint^  between  1  and  2  j>er  cent,  is  not 
at  all  uncommon.  It  will  Ix'  shown  later  on  that  in  this  condition 
considerable  amounts  of  serum-globulin  are  exereted  in  addition  to 
the  serum-albumin  ;  larger  amounts,  in  fact,  than  are  generally  ob- 
served in  this  form  of  chronic  renal  disease,  so  that  Senator  sug- 
gests that  such  a  relation,  in  the  absence  of  an  acute  nej)hritis,  or  an 
acute  exacerbation  of  a  chronic  nej)hritis,  may  be  of  a  certain  diag- 
nostic value. 

3.  Febrile  (dhnminnrin, — That  albuminuria  mav  occur  in  almost 
any  one  of  the  various  febrile  diseases  is  a  well-known  fact,  but  it 
is  imj>ortant  to  remember  that,  while  such  an  albuminuria  may  at 
times  be  referable  to  a  true  nej)hritis  developing  in  the  course  of 
or  during  convaleseence  from  an  acute  febrile  disease,  such  is  the 
exception,  and  not  the  rule.  Under  this  heading  only  that  form 
will  be  considered  which  is  not  associated  with  distinct  changes 
affecting  the  renal  parenchyma,  and  which  generally  appears  during 
the  height  of  the  disease  only,  to  disaj)pear  again  with  a  return  of 
the  tempeniture  to  normal  limits.     As  has  already  Ix^en  mentioned, 
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it  is  often  very  difficult,  if  not  impossible,  to  assign  a  definite  cause 
for  the  occurrence  of  an  albuminuria  of  this  character,  and  in  all 
probability  several  factors  are  in  operation  at  the  same  time.  In  the 
beginning  of  the  disease,  when  the  blood-pressure,  as  a  rule,  is  in- 
creased, the  albuminuria  may  be  referable  to  an  ischsemia  of  the 
kidneys,  as  the  increased  pressure  in  fever,  according  to  Cohnheim 
and  Mendelson,  is  largely  referable  to  spasm  of  the  arterioles. 
Later  on,  or  in  the  beginning  of  cases  in  which  especially  severe 
intoxication  exists,  the  blood-pressure  may  be  subnormal,  and  the 
albuminuria  be  due  to  this  cause — /.  e.,  a  hypenemic  condition  of 
the  kidneys.  As  a  matter  of  fact,  it  has  been  experimentally  demon- 
strated that  both  anaemia  and  hyperemia  of  the  kidney  structure 
may  lead  to  albuminuria.  On  the  other  hand,  it  is  not  at  all  un- 
likely that  the  strain  thrown  upon  the  kidneys  by  an  excessive 
elimination  of  organic  material,  in  the  absence  of  a  correspondingly 
large  quantity  of  water,  may  produce  albuminuria.  T  have  repeat- 
edly seen  the  functional  albuminuria  of  the  type  described  by  Da 
Costa  disappear  during  the  administration  of  a  diet  relatively  poor 
in  nitrogen,  while  an  increased  diuresis  was  at  the  same  time  effected 
by  the  consumption  of  large  amounts  of  water. 

In  those  grave  cases  of  typhoid  fever,  furthermore,  which  are 
characterized  by  high  fever  and  pronounced  nervous  symptoms  it 
would  appear  quite  likely  that  the  albuminuria,  which  in  these  cases 
is  i>articularly  marked,  is  referable  to  a  direct  influence  upon  the 
central  nervous  system,  and  in  some  cases,  at  least,  also  dependent 
upon  an  irritant  action  on  the  part  of  the  microbic  poisons  circulating 
in  the  blood  upon  the  renal  epithelium.  The  character  of  the  albu- 
minuria will  largely  depend  upon  the  intensity  of  the  intoxication ; 
in  other  words,  upon  the  amount  of  bacterial  poison  present  at  any 
one  time  in  the  blood. 

Notwithstanding  the  statements  to  the  contrary,  albuminuria  may 
be  regarded  as  a  constant  symptom  of  typhoid  fever,  as  has  been 
definitely  demonstrated  by  Gubler  and  Robin.  It  is  difficult  to  say 
why  other  observers  have  found  albumin  in  only  a  comparatively  small 
percentage  of  cases,  but  it  is  not  unlikely  that  this  is  owing  to  a  lack 
of  uniformity  in  methods,  it  being  presupposed  also  that  questions 
of  this  kind  can  only  be  decided  by  daily  examinations.  According 
to  Robin,  the  trace  of  albumin  which  is  at  times  observed  during 
the  first  week  of  the  disease  is  an  albumose,  while  later  on  serum- 
albumin  is  constantly  found ;  the  amount  increases  with  the  inten- 
sity of  the  morbid  process,  and  the  highest  figures  are  reached  in  fatal 
cases.  The  more  severe  the  disease  the  earlier  does  albumin  appear 
in  the  urine,  it  being  remembered,  however,  that  reference  is  had 
only  to  those  cases  in  which  distinct  renal  changes  are  not  demon- 
strable.    Toward  the  termination  of  the  fastigium  the  amount  of 
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albumin  generally  undergoes  a  certain  diminntioDy  and  may  even 
disappear  entirely.  This  diminution,  however,  is  only  temponrj, 
and  in  severe  cases  the  albumin  again  increases  in  amount  daring 
the  period  of  the  great  variations  in  the  temperature.  In  li^t  cases 
an  increased  elimination  also  takes  place  at  this  stage,  but  is  soon 
followed  by  a  decrease,  after  which  only  traces  can  be  demonstrated. 
In  some  also,  it  disappears  entirely,  but  it  is  rare,  according  to  Robin, 
to  meet  with  cases  in  which  a  trace  at  least  does  not  reappear  during 
convalescence. 

In  light  cases  the  albuminuria  rarely  persists  longer  than  the  fifth 
or  eighth  day  of  convalescence,  and  Robin  even  goes  so  far  as  to  say 
that  a  relapse  may  be  anticipated,  if  the  albuminuria  does  not  disap- 
pear at  that  time.  A  limited  number  of  personal  observations  have 
borne  out  the  correctness  of  this  view,  and  in  one  case^  in  which  t 
relapse  occurred  so  late  as  the  fifteenth  day  of  convalescence,  traces 
of  albumin  could  be  demonstrated  dnrrng  the  entire  period.  In 
severe  cases,  on  the  other  hand,  the  albumin  persists  for  a  variable 
length  of  time,  and  rarely  disapi>ears  before  the  tenth  day  of  con- 
valescence. At  times  an  increase  is  seen  during  convalescence,  when 
traces  only  have  previously  been  observed.  It  is  this  form  which 
the  French  generally  speak  of  as  colliqtuUive  albuminuria.  While 
this  form  is  principally  observed  in  typhoid  fever,  it  is  not  unusual 
to  meet  with  it  during  the  convalescence  from  various  other  acute 
diseases,  (/are  must  l>e  taken  not  to  confound  the  albuminuria  so 
frequently  seen  during  the  convalescence  from  typhoid  fever,  refer- 
able to  a  pyelitis,  with  the  form  just  described. 

From  the  following  table,  coustructod  from  data  given  in  Robin's 
most  excellent  work  on  the  urine  of  typhoid  fever  and  other  acute 
infectious  diseases,  which  may  be  associated  with  a  typhoid  condition, 
an  idea  may  he  formed  of  the  occurrence  of  albuminuria,  as  well  as 
of  its  decree  of  intensity  in  these  diseases  : 

Acute  miliary  tuberculosis  :  Albumin  much  less  frequent  than  in 
typhoid  fever ;  when  present  it  is  rarely  found  in  the  abundance  so 
(jharacteristic  of  the  fatal  cases  of  the  latter  disease. 

Pneumonia  :  Albumin  is  as  uniformly  pn^scnt  as  in  typhoid  fever, 
and  at  times  vcrv  abundant. 

Grippe:  Albumin  infrequent;  present  in  about  20  j>er  cent,  of 
the  cases,  and  only  in  traces. 

Herpetic  fever :  Albumin  never  present  in  large  amounts. 

Embarras  gastrique  :  Albumin  rarely  present. 

Adynamic  enteritis  of  adults  :  Albumin  almost  always  present,  but 
usually  only  in  traces. 

Cerebro-spinal  meningitis :  Albumin  in  fairly  large  amounts. 

Vegetative  endocarditis  :  Albumin  very  abundant  in  about  14  per 
cent.,  evident  in  44  per  cent.,  and  traces  in  42  per  cent. 
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Acute  articular  rheumatism  :  Albumin  present  in  about  40  per 
cent. 

Rubeola :  Albumin  usually  absent  in  light  cases,  but  present  in 
the  more  severe  and  complicated  forms. 

Intermittent  fever :  Albumin  variable. 

In  conclusion,  it  may  be  said  that  practically  every  acute  febrile 
disease,  even  simple  follicular  tonsillitis,  may  be  accompanied  by 
albuminuria,  in  the  absence  of  definite  changes  affecting  the  renal 
parenchyma.  Its  occurrence  in  an  individual  case  is  probably  de- 
pendent, to  a  very  large  degree,  upon  the  intensity  of  the  intoxica- 
tion. While  it  is  generally  an  easy  matter  to  distinguish  between 
this  form  of  albuminuria  and  that  associated  with  distinct  organic 
changes  in  the  kidneys,  considerable  difficulty  may  at  times  be  ex- 
perienced ;  this  question  will  be  dealt  with  later  on. 

4.  Albuminuria  Referable  to  Circulatory  Disturbances. 
— To  this  class  belongs  the  albuminuria  so  frequently  observ^ed  in 
cardiac  insufficiency  referable  to  valvular  lesions,  degeneration  of  the 
heart-muscle  from  whatever  cause,  disease  of  the  coronary  arteries, 
etc.,  as  well  as  in  cases  of  impeded  pulmonary  circulation  affecting 
the  general  circulation  through  the  right  heart,  and,  finally,  in  con- 
ditions associated  with  local  circulatory  disturbances,  such  as  com- 
pression of  the  renal  veins  by  a  pregnant  uterus,  tumors,  etc.  It 
has  already  been  pointed  out  that  febrile  albuminuria  also  may,  to  a 
certain  extent,  at  least,  be  referable  to  such  causes ;  i,  e.,  an  ischsemia 
or  hypersemia  of  the  kidneys,  produced  by  an  increased  or  diminished 
blood-pressure.  The  albuminuria  observed  in  cases  of  cholera  in- 
fantum, the  simpler  forms  of  intestinal  catarrh,  and  in  cholera 
Asiatica  particularly,  are  undoubtedly  dependent  upon  such  causes. 
The  occurrence  of  albuminuria  after  cold  baths,  as  stated  above,  is 
regarded  by  many  as  a  "  physiologic "  phenomenon,  but  this  view 
should  be  rejected,  as  there  can  be  but  little  doubt  that  this  form  is 
also  referable  to  circulatory  disturbances.  The  quantity  of  albumin 
found  under  these  circumstances  varies  considerably,  but  rarely  ex- 
ceeds 0.1-0.2  per  cent.,  unless  the  disease  has  advanced  to  a  point, 
where  distinct  changes  in  the  renal  parenchyma  have  resulted. 

5.  Albuminuria  Referable  to  an  Impeded  Outflow  of 
Urine. — Clinically,  albuminuria  referable  primarily  to  an  impeded 
outflow  of  urine  from  the  kidneys  is  probably  of  more  frequent  oc- 
currence, than  is  generally  supposed,  and  especially  in  women,  in  whom 
Kelly  and  others  have  demonstrated  the  frequent  existence  of  ureteral 
stenoses.  A  complete  blocking  of  the  excretory  duct,  on  the  other 
hand,  is  rarely  seen,  but  may  be  caused  by  the  impaction  of  a  renal 
calculus,  the  pressure  of  a  tumor,  or  following  certain  gynaecologic 
operations,  in  which  the  ureter  is  accidentally  caught  in  a  suture,  etc. 
It  has  also  been  suggested  that  the  albuminuria  of  pregnancy  may  be 
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due  to  compression  of  an  ureter,  but  it  is  more  likely  that  other 
factors  are  Iiere  at  play,  such  as  compression  of  the  renal  arteries  and 
veins. 

6.  Albuminuria  of  H.^mic  Origin. — It  was  formerly  supposed 
that  Bright's  disease  was  dependent  upon  certain  abnormalities  of 
the  blood,  and  as  a  matter  of  fact  this  view  has  not  only  never  been 
disproved,  but  is  actually  gaining  ground  from  day  to  day.  Accord- 
ing to  Scnimola,  Bright's  disease  is  primarily  due  to  an  abnonnal 
power  of  diffusion  on  the  part  of  the  albumins  of  the  blood,  which 
are  eliminated  bv  the  kidneys  as  waste  material.  As  a  result  of  the 
excessive  amount  of  work  tluis  done  definite  renal  clianges  are  finallr 
produced.  According  to  his  theorj',  then,  the  albuminuria  is  the 
primary  factor  in  the  causation  of  nephritis.  Should  this  hypothesis 
hold  goofl,  Senator  is  correct  in  asserting  that  an  albuminuria  of 
functional  origin,  so  to  sj>eak,  must  precede  the  occurrence  of  the 
nephritis  projyer.  He  appears  to  doubt  the  occurrence  of  a  prene- 
j)hritic  albuminuria,  however.  In  this  connection  it  is  interesting  to 
note  that  definite  renal  changes  have  actually  been  observed  "to  fol- 
low an  apparently  functional  albuminuria  (Da  Costa).  Further  re- 
searches in  this  direction  are  urgently  needed,  and  Sem- 
mola's  view,  as  well  as  all  others  so  far  proposed,  can  only  be 
regarded  as  hyj)otheses.  Even  if  such  blood-changes  as  those 
which  Semmola  suggests  should  not  exist,  there  can  be  little  doubt 
that  true  nephritis  is  dependent  upon  an  acute  or  chronic  dyscrasia 
of  the  blood,  either  in  the  sense  of  an  abnormal  mixture  of  the  nor- 
mal elements  or  of  the  presence  of  abnormal  constituents,  and  notably 
of  poisons.  The  same  coiisideTations  undoubtedly  also  apply  to  vari- 
ous other  forms  of  albuminuria,  in  so  far  as  these  are  not  the  direct 
result  of  eirculatorv  disturbanoes. 

» 

(clinically,  albuminuria  of  ha^niic  origin  is  <^)l)served  in  various 
diseases  of  the  blood,  such  as  purj)iira,  scurvy,  leuktemia,  pernicious 
amemia,  as  also  in  cases  of  ])oisoning  with  lead  and  mercury,  in 
syphilis,  jaundice,  diabetes,  following  the  inhalation  of  ether  and 
chloroform,  etc.  The  albuminuria  associated  with  an  excessive 
elimination  of  uric  acid  and  oxalic  acid,  and,  according  to  personal 
observations,  with  an  excessive  elimination  of  organic  material  in 
general,  notably  of  urea,  probably  also  l)clon<rs  to  this  class. 

7.  Toxic  Albuminuuia. — It  has  already  been  stated  that  the 
albuminuria  of  a(;ute  febrile  diseases  may,  to  a  certain  extent,  he 
referable  to  a  direct  irritant  action  on  the  part  of  bacterial  poisons 
upon  the  renal  parenchyma.  Poisoning  with  cantliarides,  mustard, 
oil  of  turpentine,  potassium  nitrate,  carbolic  acid,  salicylic  acid,  tar, 
iodine,  petroleum,  phosphorus,  arsenic,  lead,  antimony,  alcohol,  and 
mineral  acids  produces  albuminuria.  In  all  i)robal)ility,  however, 
the  albuminuria  here  observed  is  referable  not  only  to  a  direct  irri- 
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tant  action  upon  the  glandalar  epitheliam  of  the  kidneys^  bat  also  to 
circulatory  disturbances. 

8.  Neurotic  Albuminuria. — It  is  claimed  by  some  that  albu- 
min, usually  in  small  amounts,  is  eliminated  in  epilepsy  after  every 
attack,  while  others  either  entirely  deny  its  occurrence  under  such 
conditions  or  regard  it  as  exceptional.  In  a  number  of  cases  in 
which  I  had  occasion  to  examine  the  urine  voided  after  an  attack 
albumin  was  usually  absent.  It  must  be  stated,  however,  that  the 
seizures  in  these  cases  were  comparatively  slight,  and  that  an  exam- 
ination for  semen  was  unfortunately  not  made  in  those  cases,  in  which 
traces  of  albumin  could  be  demonstrated.  A  recent  examination  of 
the  urine  voided  by  an  epileptic,  after  having  been  in  the  epileptic 
state  for  more  than  forty-eight  hours,  showed  the  presence  of  a  small 
amount  of  albumin,  associated  with  an  enormous  elimination  of  uric 
acid,  as  well  as  a  large  excess  of  urea.     Semen  was  absent. 

A  transient  albuminuria  has  also  been  noted  in  cases  of  progressive 
paralysis,  mania,  tetanus,  delirium  tremens,  apoplexy,  migraine, 
Basedow's  disease,  brain  tumor,  etc. 

Although  albuminuria  may  apparently  be  artificially  produced  by 
injuries  aflPecting  a  certain  point  in  the  floor  of  the  fourth  ventricle, 
analogous  to  the  production  of  glycosuria  (see  Glycosuria),  it  would 
probably  be  going  too  far  to  assume  the  existence  of  a  certain  specific 
centre,  stimulation  of  which  would  cause  the  appearance  of  albumin 
in  the  urine.  While  the  influence  of  the  nervous  system  in  prevent- 
ing the  passage  of  albumin  through  the  glomeruli  under  normal 
conditions  is  undoubted,  it  would  appear  more  likely  that  the  albu- 
minuria following  injuries  to  the  central  nervous  system  is  referable 
to  circulatory  disturbances  in  the  kidneys,  secondary  to  lesions  of 
the  brain,  and  especially  of  the  medulla.  The  albuminuria  observed 
in  certain  neurotic  individuals,  on  the  other  hand,  is  probably 
more  frequently  associated  with  metabolic  abnormalities  and  of 
hsemic  origin. 

9.  A  DiGKSTiVE  Albuminuria  has  also  been  described,  but  need 
not  be  considered  in  detail.  Suffice  it  to  say  that  it  may  follow  the 
ingestion  of  excessive  amounts  of  cheese,  eggs — particularly  when 
taken  raw, — beef,  etc.  I  have  seen  albuminuria  follow  a  free  in- 
dulgence in  root  beer.  It  is,  of  course,  difficult  to  explain  such 
occurrences ;  but,  bearing  in  mind  the  fact  that  albuminuria  very 
often  follows  the  ingestion  of  such  articles  almost  immediately,  and 
before  they  have  actually  had  time  to  become  absorbed,  it  is  hardly 
justifiable  to  refer  this  form  to  the  existence  of  a  hyperalbuminosis. 
It  would  appear  more  rational,  as  Senator  has  suggested,  to  think  of 
reflex  vasomotor  or  trophic  changes  affecting  the  kidneys ;  while  in 
other  cases,  in  which  the  albuminuria  does  not  follow  the  ingestion 
of  such  articles  of  food  immediately,  it  is  quite  probable  that  this 
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may  be  dependent  upon  certain  metabolic  abnormalities^  afiecdng  the 
normal  composition  of  the  blood.* 

In  the  account  thus  given,  of  the  occurrence  of  albuminuria  and 
its  }X)ssible  causes^  reference  has  been  only  had  to  a  purely  renal  albu- 
minuria. It  should  be  remembered,  however,  that  the  origin  of  the 
albumin  may  often  be  extremely  difficult  to  determine^  as  albuminous 
material,  such  as  bloo<l  and  pus,  may  become  mixed  beyond  the 
glandular  portion  of  the  kidneys  with  what  would  otherwise  have 
been  a  perfectly  normal  urine,  and  that  such  an  admixture  may  not 
only  take  place  in  the  ureters,  the  bladder,  and  the  urethra,  but  even 
in  the  jx?lvis  of  the  kidney. 

Tlie  term  accutental  albuminuria  is  applied  to  a  condition  in  whidi 
albuminous  material  becomes  mixed  witli  a  urine  beyond  the  kidneys, 
which  had  secreted  a  normal  urine,  as  in  cases  of  cystitis  and 
urethritis,  or  whenever  semen  has  entered  the  urine.  Such  an  ad- 
mixture of  pus,  blood,  lymph,  or  chyle  may,  however,  occur  in  the 
kidneys,  when  the  albuminuria  is  termed  aceideutal  renal  albuminuria^ 
an  example  of  which  is  frecjuently  seen  in  the  slight  degree  of  albu- 
minuria referable  to  pyelitis,  during  the  convalescence  from  typhoid 
fever.  By  a  wixcd  aihuminuria  and  a  mixed  renal  albuminuria,  on 
the  other  hand,  we  are  to  understand  conditions  in  which  the  source 
of  tlie  albumin  is  twofold,  renal  and  extrarenal  in  the  first  instance, 
parenchymal  and  oxtraparenchymal  in  the  second,  examples  being  the 
albuminuria  of  cystitis  combined  with  nephritis  and  pyelonephritis, 
respectively. 

It  is  manifest,  of  course,  that  in  every  instance  in  which  albumin 
is  found  in  the  urine  its  origin  should  be  ascertained.     While  this 
question  is  usually  readily  decided  by  a  microscopic  examination  of 
the   urine,  considerable   ditticulty  may  occasionally  be  experienced. 
It  is  a  well-known  fact  that  in  the  urine  of  females  a  trace  of  albu- 
min   may  frecjuently  be  detected,  which    is  not  due  to  any  lesion  of 
the  urinary  organs,  but  to  an   admixture  of  vaginal   discharge,  of 
blood,  during  the  process  of  menstruation,  and,  in  married  women,  of 
semen.     Whenever,  therefore,  doubt  is  felt  as  to  the  origin  of  the 
albumin,  the  specimen  for  examination  should  be  obtained  by  the 
catheter,  care  l)eing  taken  previously  to  cleanse  the  vulva.     In  males 
albumin  may  be  referable  to  a  gonorrlueal  urethritis.     In  such  cases 
it  is  well  to  let  the  patient  flush  out  his  urethra  first,  and  to  make 
use  of  the  portion,  last  passed,  for  examination.     Very  often,  how- 
ever, the  conditions  are  more  complex,  it  being  uncertain  whether 
the  albumin  is  referable  to  the  presence  of  j)us  only,  or  whether  its 
origin  is   in  the   renal   parenchyma.     In  such   cases,  as  in  cystitis, 
pyelonephritis,  etc.,  a  careful  microscopic  examination,  and  enumer- 

*  The  albumin  wliich  is  eliminated  after  tlie  ingestion  of  much  egg-albumin,  how- 
ever, does  not  l>elong  to  this  eategory. 
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ation  of  the  pus-corpuscles  with  the  Thoma-Zeiss  instrument,  is 
called  for,  and  will  in  the  majority  of  instances  decide  the  question 
(see  p.  92).  Generally  speaking  the  amount  of  albumin  found  in 
uncomplicated  cases  of  cystitis  does  not  exceed  0.15  per  cent.,  while 
in  cases  of  pyelitis  of  the  same  intensity  the  amount  of  albumin  is 
from  two  to  three  times  as  large. 

Of  late  attention  has  repeatedly  been  drawn  to  the  occasional  pres- 
ence in  the  urine  of  an  albuminous  body,  which  is  soluble  in  acetic 
acid,  and  which  Patein  regards  as  a  modification  of  the  common 
serum-albumin.  It  has  thus  far  been  observed  in  only  eight  cases, 
viz,  twice  in  chronic  nephritis,  three  times  in  eclampsia,  once  in  a 
cystic  kidney,  once  in  tonsillitis,  following  an  injection  of  diphtheria 
anti-toxin,  and  once  in  a  pregnant  woman,  in  whom  typhoid  fever 
developed.  I  should  suggest  that  the  substance  be  spoken  of  as 
Paiein^s  albumin  until  its  chemical  identity  has  been  thoroughly 
established.  The  term  acetosotuble  albumin  is  of  course  likewise 
admissible. 

So  far  as  the  amouiU  of  albumin  which  may  be  eliminated  in  the 
twenty-four  hours  is  concerned,  an  excretion  of  less  than  2  grammes 
may  be  regarded  as  insignificant,  6  to  8  grammes  as  a  moderate 
amount,  and  10  to  12  grammes  or  more  as  excessive.  An  excretion 
of  20  to  30  grammes  is  very  exceptional. 

Serum-globulin. — It  has  been  pointed  out  that  serum-globulin 
is  found  in  the  urine  together  with  serum-albumin  in  large  amounts, 
in  cases  of  amyloid  degeneration  of  the  kidneys,  and,  according  to 
iSenator,  a  ratio  between  the  two  albumins  of  1  : 0.8  :  1.4  may  be 
regarded  as  a  fairly  constant  symptom  of  this  disease,  and  of  some 
diagnostic  importance.  There  seems  to  be  no  doubt,  however,  that 
serum-globulin  occurs  in  the  urine,  although  in  much  smaller  quan- 
tities than  in  the  disease  mentioned,  whenever  serum-albumin  is 
eliminated,  and  so  far  not  one  case  of  pure  globulinuria  has  been  re- 
ported. This  cannot  be  surprising,  as  there  is  no  reason  why  only 
one  albumin  of  the  blood  should  pass  through  the  kidneys. 

Albumoses  (peptones). — Albumoses  have  been  frequently  ob- 
served in  the  urine,  but  are  probably  more  frequently  overlooked,  as 
the  bodies  in  question  are  not  precipitated  on  boiling.  The  factors 
which  cause  their  appearance  in  the  urine  are  probably  similar  to  those 
noted  in  connection  with  peptonuria,  and  will  be  presently  consid- 
ered. Suffice  it  to  say  that  traces  of  albumoses  have  been  observed 
in  a  great  many  diseases,  such  as  dermatitis,  intestinal  ulceration, 
liver-abscess,  croupous  pneumonia,  septicaemia,  carcinomatous  perito- 
nitis, myxoedema,  apoplexy,  heart-disease,  pleurisy,  caries,  puerpural 
parametritis,  endocarditis,  typhoid  fever,  diphtheria,  pyaemia,  nephri- 
tis, phthisis,  measles,  scarlatina,  leukaemia,  urticaria,  acute  yellow 
atrophy,  various  psychoses,  etc.     Larger  amounts  are  met  with  in 
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sarcomatoeis  of  the  thoracic  skeleton,  and  are  thought  to  be  pathog- 
nomonic of  this  condition.  To  this  fonn  of  albumosuria  the  tenii 
mjfelopathie  aihumo^trin  has  been  applied. 

Very  frequently  albumosuria  accompanies  albuminuria,  consti- 
tuting the  so-called  mixed  albuminuria  of  Senator.  In  this  connec- 
tion it  is  interesting  to  note  that  albumosuria  may  alternate  with  al- 
buminuria, and  preceile  as  well  as  follow  the  latter,  and  in  anv  cast 
in  which  albumoses  are  demonstrable  in  the  urine  the  appearance  of 
albumin  should  be  anticipated. 

Albuminous  bodies,  which  are  not  coagulated  by  heat  and  in  thdr 
general  behavior  n^emble  peptones,  haverepeatedly  been  seen  in  urines, 
when  Hofmeister's  method  of  testing  for  peptones  was  employed, 
and  various  forms  of  so-called  peptonuria  have  since  been  described. 
An  elimination  of  such  bodies  has  been  noted  in  conditions  associ- 
ated with  large  accumulations  of  pius  within  the  body,  and  it  is  sap- 
posed  that  the  j)eptonuria  ol)serve<l  in  such  cases  is  referable  to  a 
ilisintegration  of  the  pus-corpuscles  and  a  resoq)tion  into  the  blood 
of  the  j>eptone  contained  in  these.  This  form  of  peptonuria  has 
hence  l>een  termed  pyctffenic  peptonuria,  A  hepatogenic  Jorm  has 
been  likewise  dt»scribed  in  connection  with  diseases  of  the  liver, 
notably  acute  yellow  atrophy.  It  was  formerly  thought  that  pep- 
tones were  retransformed  into  albumins  by  the  liver,  and  the  occur- 
rence of  pei)tonuria  in  diseases  of  this  organ  was  explained  bv  the 
inability  on  its  part  to  cause  this  transformation,  the  peptones  accu- 
mulating in  the  blood  and  being  excreted  in  the  urine.  L<ater  re- 
searches, however,  have  shown  that  the  transformation  of  peptones 
into  all)umins  takes  j)laeo  in  the  intestinal  mucosa,  and  that  the  liver 
ai)parently  has  no  part  in  this  process  ;  an  explanation  of  this  form 
is  therefore  wanting.  An  nifrrof/ntlr  jfirm  has  l>een  noted  in  various 
disejLses  of  the  intestinal  tract,  surli  as  typhoid  fever,  tubercular 
ulceration,  eareinonia,  etc.,  in  wliich  it  was  sup|)osed  that  peptone  is 
either  directly  absorU'd  from  the  disintegrating  pus,  or  that  the  in- 
testine itself  lias  lost  the  power  of  causintr  its  transformation  into 
albumin.  A  hiHiofjcuir  or  JKrnKtfof/citir  nrii!:\u  was  further  ascribed  to 
the  jwptonuria  seen  in  easels  of  scurvy,  various  forms  of  poison- 
ing, during  the  puerperal  i)eriod,  pregnancy,  particularly  following 
the  d(»ath  of  the  fcetns,  in  various  psy (.'hoses,  etc.  A  renal  or  resi- 
ml  form  of  peptonuria  has  finally  been  noted  in  which  jx»ptones  are 
foruKHl  in  allnnninous  urines  either  in  consecjucnce  of  the  presence 
of  enzymes,  or  the  occurrence  of  putrefaction. 

More  rci'ently,  however,  since  our  conception  of  the  nature  of 
peptones  has  changed, — it  being  (piite  generally  accepted  at  the 
pri'sent  day  that  true  peptones  are  not  precipitated  by  ammonium 
sulphate, — investigations  have  shown  that  in  all  cases  in  which  the 
presene(i  of  these  bodies  had  b(»en  previously  assumed  true  peptones 


THE  CHEMISTRY  OF  THE  URINE.  385 

are  actually  not  present,  but  that  the  bodies  in  question  are  propep- 
tones  or  albumoses.  According  to  Kuhne's  definition  of  peptones^  a 
peptonuria  hence  does  not  exist. 

In  the  diflTerential  diagnosis  of  suppurative  meningitis  a  positive 
peptone-reaction  in  the  older  sense  of  the  word,  according  to  Senator, 
speaks  strongly  in  favor  of  the  existence  of  this  disease.  In  sup- 
port of  this  view  he  cites  the  case  of  a  young  man,  the  subject  of  a 
median  otitis  of  long  standing,  in  which  symptoms  pointing  to  a 
meningitis, — viz,  fever,  headache,  and  pains  in  the  neck, — were  pres- 
ent, but  in  which  no  "  peptonuria ''  was  found  to  exist,  and  in  which 
an  operation  revealed  the  presence  of  a  cholesteatoma. 

A  digestive  form  of  albumosuria  has  recently  been  announced, 
where  albumoses  appear  in  the  urine  after  their  ingestion  in  large 
quantities,  and  it  is  claimed  that  this  is  only  observed  in  cases  of 
ulcerative  disease  of  the  intestinal  tract.  Only  a  positive  result, 
however,  is  of  value. 

Haemoglobin. — Under  normal  conditions  the  disintegration  of  the 
red  blood-corpuscles,  which  is  constantly  taking  place  in  the  body, 
never  results  in  such  a  degree  of  hsemoglobinaemia  as  to  be  followed 
by  an  elimination  of  haemoglobin  in  the  urine.  Whenever  for  any 
reason  the  destruction  of  red  corpuscles  is  so  extensive,  however, 
that  the  liver  is  unable  to  transform  into  bilirubin  all  the  blood- 
coloring  matter  set  free,  hcetnoghbinuna  will  occur.  While  these 
factors,  then — /.  e.,  an  excessive  destruction  of  the  red  blood-cor- 
puscles and  an  insufficiency  on  the  part  of  the  liver — must  be  re- 
garded as  explaining  every  case  of  hsemoglobinuria,  our  knowledge 
of  the  ultimate  causes  of  such  excessive  disintegration,  as  well  as 
the  manner  in  which  these  operate,  is  as  yet  very  limited.  Formerly 
the  term  hcemaiinuria  was  applied  to  this  condition.  It  was  shown, 
however,  that  the  pigment  eliminated  is  in  reality  not  hsematin,  but 
usually  met  haemoglobin  and  only  at  times  haemoglobin,  so  that  the 
term  hemoglobinuria  is  also  ill  chosen. 

Most  frequently  to  be  observed  is  the  haemoglobin uria  produced 
by  certain  poisons,  such  as  potassium  chlorate,  arseniuretted  hydrogen, 
sulphuretted  hydrogen,  pyrogallic  acid,  naphthol,  hydrochloric  acid, 
tincture  of  iodine,  carbolic  acid,  carbon  monoxide,  etc.,  and  also  by 
morels  (Hclvella  esculenta). 

Quite  familiar  is  the  haemoglobinuria  which  is  observed  following 
transfusion  of  the  blood  of  animals  into  man,  such  as  that  of  the  calf  and 
lamb;  also  the  form  seen  in  cases  of  extensive  burns  and  insolation. 

While  haemoglobinuria  may  occur  in  the  course  of  any  one  of  the 
specific  infectious  diseases,  such  as  scarlatina,  icterus  gravis,  variola 
haemorrhagica,  typhoid  fever,  yellow  fever,  etc.,  it  is  said  to  be  espe- 
cially frequent  in  cases  of  malarial  intoxication.  This  view  is  not 
accepted  by  many.  Osier,  among  others,  thinking  that  it  has  fre- 
25 
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quently  been  confounded  with  malarial  hsematuria.  I  have  never 
seen  a  single  instance  of  malarial  hsemoglobinuria^  and  believe  tint 
in  our  more  temperate  zones  it  scarcely  ever  occurs.  Bastianelk)  in- 
serts that  it  is  likewise  rare  in  Italv,  but  more  common  in  Sicilvand 
Greece,  and  ver}'  common  in  the  tropics.  According  to  the  same 
observer,  haemoglobin uria  only  occurs  in  infections  with  the  lestivo- 
autumnal  parasite.  A  hsemoglobinuria  due  to  quinine  is  Jikewise 
said  to  exist,  but  is  certainly  very  rare,  excepting  in  patients  ^rfw 
are  suffering,  or  who  have  recently  suffered,  from  malarial  fever. 
In  our  country  this  form  is  very  uncommon.  On  the  other  hand, 
there  can  be  no  doubt,  to  judge  from  the  literature  upon  the  subject, 
that  syphilis  may,  under  certain  conditions,  be  a  potent  factor  in  the 
production  of  hiemoglobinuria.  This  appears  to  be  particularly  true 
of  those  cases  of  so-called  paroxysmal  hsemoglobinuria,  in  which 
bloody  urine  is  voided  from  time  to  time,  the  attacks  being  fi*equentlj 
preceded  by  chills  and  fever,  so  as  closely  to  simulate  malarial 
fever.  Other  factors,  also,  notably  cold,  ap{>ear  to  be  concerned  in 
the  i>roduction  of  this  form. 

The  occasional  occurren(»e  of  hiemoglobinuria  in  cases  of  Bay- 
naud^s  disease,  coincident  with  attacks  of  an  epileptiform  cliaracter, 
has  been  referreil  to  in  the  chapter  on  Blood  (see  p.  38). 

na^moglobiiiuria  has  been  observed  in  a  case  of  leuksemia  com- 
plic*ated  by  icterus. 

Finally,  an  epidemic  hiemoglobinuria  has  been  descril)ed  as  occur- 
ring in  the  newborn,  associated  with  jaundice,  cyanosis,  and  nervous 
symptoms ;  of  its  causation  we  are  still  in  ignorance. 

While  hiemoglobinuria  is  fairly  uncommon,  hremafuria  is  frequentlv 
observed,  and  will  be  considered  later  on,  as  its  recognition  is  not 
dependent  upon  the  demonstration  of  the  albuminous  body,  "haemo- 
globin," alone  in  the  urine,  hut  upon  the  ])resence  of  red  corpuscles, 
which  in  luenio^lobinuria  are  either  absent  or  present  only  in  very 
small  numbers. 

Fibrin. — The  oeeurrenee  of  iibrin  in  the  urine  presupposes  the 
presence  of  iibrinogen,  a  fi I )rino<renic  ferment,  and  probably  also  of 
serum-globulin;  it  is  seldom  seen.  Acconlinir  to  Neubauerand  Vogel, 
the  fibrin  may  ocvur  either  as  coagulated  fil)rin  or  in  solution.  In  the 
former  condition  it  is  at  times  observed  in  the  lorm  of  blood-coagula, 
when  its  si<j:niiicanco  is  essentially  the  sani(^  as  that  of  luematuria  in 
general,  although  it  must  be  remembered  that  the  usual  form  of 
hajmaturia  is  not  associated  with  the  presence  of  coagula.  Colorless 
coagula  of  fil)rin  are  only  seen  in  cases  of  chyluria  or  diphtheritic  in- 
flammation of  the  urinary  passages.  On  the  other  hand,  urines  con- 
tinuing fibrin  in  solution  are  likewise  seen  I)ut  rarely,  and  are 
characterized  bv  the  fact  that  fibrinous  coairula  se])nrate  out  only  on 
standing,  when  they  usually  cover  the  bottom  of  the  vessel ;  but  at 
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times  they  may  change  the  entire  bulk  of  urine  into  a  gelatinous 
mass.  So  far  this  condition  has  been  observed  only  in  cases  of 
chyluria  (which  see). 

Nucleo-albumin. — The  question  whether  or  not  nucleo-albumin 
is  a  normal  constituent  of  the  urine  is  still  a  matter  of  dispute.  Per- 
sonal investigations  have  led  me  to  the  conclusion  that  with  compli- 
cated methods  and  large  amounts  of  urine — from  5  to  25  litres — it 
is  always  possible  to  demonstrate  its  presence,  both  under  physiologic 
and  pathologic  conditions.  With  the  usual  tests  and  smaller  amounts 
of  urine,  however,  negative  results  only  are  obtained  in  strictly  nor- 
mal individuals.  Trichloracetic  acid,  with  which  Stewart  claims  to 
have  obtained  positive  results  in  every  one  of  the  150  normal  urines 
which  he  examined,  does  not  precipitate  nucleo-albumin,  according 
to  my  experience,  when  this  is  present  in  normal  amounts.  A  nucleo- 
albuminuria^  recognizahle  by  the  available  teatH,  does  not  exist  under 
normal  conditions.  Even  under  pathologic  conditions  nucleo-albumin 
is  by  no  means  always  found.  Sarzin  thus  was  unable  to  demonstrate 
its  presence  in  200  cases,  which  he  examined  in  Senator's  clinic. 
Citron  arrived  at  similar  results,  and  among  several  thousand  urines, 
which  I  have  examined  in  this  direction,  positive  results  were  only 
obtained  in  a  very  small  percentage  of  cases.  Its  presence  always 
indicates  an  increased  degree  of  desquamation  in  some  portion  of  the 
urinary  tract.  It  is  essentially  met  with  in  diseases  which  directly 
or  indirectly  involve  the  integrity  of  the  epithelial  lining  of  the 
uriniferous  tubules  or  of  the  bladder. 

It  has  thus  been  frequently  found  in  cases  of  acute  nephritis  and 
associated  with  febrile  albuminuria,  although  its  presence  even  then 
is  not  constant.  In  chronic  nephritis  it  is  more  frequently  absent 
than  present.  In  cases  of  renal  hypersemia  and  cystitis  the  results 
are  variable.  In  thirty-two  icteric  urines  Obermayer  obtained  pos- 
itive results  without  exception,  and  it  appears  that  in  leuksemia 
nucleo-albumin  is  also  quite  constantly  present.  During  the  admin- 
istration of  pyrogallol,  naphthol,  corrosive  sublimate,  tar  prepara- 
tions, arsenic,  etc.,  as  well  as  in  cases  of  poisoning  with  anilin  and 
illuminating  gas,  large  amounts  of  the  substance  may  be  found. 

According  to  my  experience,  nucleo-albumin  is  frequently  ob- 
served in  cases  of  so-called  functional  albuminuria,  and  it  is  not  at 
all  uncommon  to  find  that  this  is  still  present  when  serum-albumin 
and  serum-globulin  can  no  longer  be  demonstrated,  even  with  the 
trichloracetic  acid  test.  Nucleo-albuminuria  may  thus  exist  inde- 
pendently of  the  presence  of  the  more  common  forms  of  albumin. 
This  observation  has  also  been  made  by  Strauss,  who  found  nucleo- 
albumin  only  in  several  cases  of  cystitis,  in  one  case  of  chronic  in- 
terstitial  nephritis,  and  in  one  case  of  emphysema  pulmonum  with 
renal  hy}K?nemia. 
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The  existence  of  a  hsematogenii.*  form  of  nocleo-albaminnria  bas 
thus  far  not  \hs.'U  satisfactorilv  demonstrated. 

Histon. — (Juite  rt-cently  Ki»Ii?oh  and  Burion  were  able  to  demon- 
strate the  presence  of  histon  in  tlie  urine  of  a  ease  of  leuksmia. 
The  sul>fitance  \<  an  albuminous  UhIv  which  was  first  discovered  bv 
Kossel  in  the  red  bl«XKl-o»rpusi*les  of  the  goose,  and  which  was 
shown  to  exist  in  the  leucticvtes  of  human  blood  in  combinatioo 
with  the  acid  leuko-nudein,  c^mstituting  the  so-called  nucleo-histon 
of  Lilienfeld.  Accc»rding  to  these  observers,  the  substance  was 
always  present  in  their  case. 

It  is  not  clear  in  what  manner  the  histonuria  is  produced;  so 
much,  however,  seems  certain,  that  it  is  not  solely  dependent  upon 
the  increased  destruction  of  leucocvtes. 

A  histon-Iike  body  has  also  been  found  in  acute  peritonitis,  follow- 
ing api)endicitis,  in  crou]K>us  pneumonia,  erysipelas,  and  scarlatina. 

Tests  for  Albumin. — The  ree(>gniti<ni  of  tiie  various  albuminous 
bodies,  which  may  occur  in  the  urine  is  based  partly  upon  their 
direct  precipitation,  and  partly  \\\\o\\  color-reactions,  when  treated 
with  certain  reagents. 

The  numl)er  of  tests  which  have  from  time  to  time  been  suggested 
is  very  large  ;  many  of  them,  after  a  brief  j>eriod  of  use,  have  been 
discanled  as  useless  or  uncertain,  while  others  have  been  employed 
only  occasionally  and  have  not  remved  the  recognition  which  they 
deserved,  from  the  fact  that  simpler  tests  existed,  that  they  did  not 
possess  sufficient  delicacy,  or  that  in  some  instances  it  was  too  great. 
In  the  following  pages  no  attempt  will  be  made  to  describe  all  of 
these  tests,  and  attention  will  be  directed  onlv  to  those  which  are 
generally  used,  and  which  clinical  experience  has  proved  to  be  of 
value,  precedence  being  given  to  tho<e  wliieh  have  been  longest  in 
use.  While  some  of  these  are  applicable  for  demonstrating  the 
presence  of  more  than  one  I'orni  of  alhninin,  special  tests  will  also 
l)e  described,  wlierebv  the  various  album  ins  niav  l^  individual!  v 
recognizcMl. 

In  everv  ease  the  urine  should  be  cjirefullv  filtered,  so  as  to  free 
it  from  any  morphologic  constituents,  etc.,  present.  To  this  end  it 
is  generally  sufficient  to  pass  the  nrini'  through  one  or  two  layers 
of  Swedish  filter-paper.  Fre(iuently,»  however,  a  clear  specimen 
cimnot  be  ol)taine<l  in  this  manner;  it  is  then  advisable  to  shake  the 
urine  with  magnesia  usta  or  talcum,  or  to  mix  it  with  scraps  of  filter- 
paper,  when  it  is  filtered  as  usual. 

Tests  for  Serum-albumin. — Thk  Xitkic-acid  Test.  (Fig.  9o.) 
The  value  of  this  test,  properly  applied,  cannot  be  overestimated,  as 
it  is  not  only  simple,  but  yields  an  amount  of  inibrnuition  that  can 
otherwise  onlv  be  tjfained  with  diflicultv.  I "suallv  the  student  is 
advised  to  make  use  of  a  test-tube  partially  iilled  with  urine,  along 
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the  sides  of  which  conceotrated,  chemically  pure  nitric  acid  is  allowed 
to  flow,  so  as  to  form  a  layer  at  the  bottom  of  the  tube,  when,  in  the 
presence  of  serum -album  in,  a  distinct 
white  cloud  will  appear  in  the  form  of  Fio.  95. 

a  ring,  at  the  zone  of  contact  between 
the  two  liquids  (Heller's  test).  The 
pictures  thus  obtained  cannot  he  com- 
pared, however,  with  those  seen  when 
the  apparently  trivial  change  is  made 
of  using  a  conical  glass  of  about  2 
ounces  capacity  instead  of  the  test- 
tube.  About  20  c.c.  of  urine  are  placed 
iu  the  glas.s,  and  6  to  10  c.c,  of  nitric  ^ 
acid  added  by  means  of  a  pipette, 
which  is  carried  to  the  bottom  of  the 
vessel,  when  the  acid  is  slowly  allowed 
to  escape  by  diminishing  the  pressure 
of  the  finger  upon  the  tube.  When 
this  is  carefully  done,  as  in  Heller's 
test,  the  nitric  acid  forms  a  distinct 
zone  beneath  the  urine.  In  the  pres- 
ence of  albumin  the  cloud  referred  to 
will  he  seen,  its  extent  and  intensity 
varying  with  the  amount  of  albumin  NUrieiBiiiwit 

present  (Plate  XIV.,  Fig,  1).    If  now 

the  glass  is  allowed  to  stand  for  some  time, — and  if  small  amounts  are 
present,  these  only  apjiear  on  standing  for  several  minutes, — it  will 
l)e  observed  that  the  cloudiness  gradually  extends  upward,  and  if 
much  albumin  is  present  this  may  be  seen  to  rise  into  the  supernatant 
liquid  in  the  form  of  small,  irregular  columns.  This  appearance  is 
pijssibly  referable  to  the  partial  tiecom  posit  ion  of  uric  acid  by  means 
of  nitric  acid,  nitrogen  and  carbon  dioxide  being  set  free,  which, 
rising  to  the  surface  in  the  form  of  small  hubbies,  carry  the  nitric 
acid  upward;  coming  into  contact \vitli  albumin  in  solution  this  then 
causes  the  precipitation  of  the  latter.  An  e.tcess  of  uric  acid,  more- 
over, is  indicatwl  by  the  appearance,  within  five  to  ten  minutes  after 
the  addition  of  the  nitric  acid,  of  a  distinct  ring  in  the  clear  urine, 
about  I  to  2  cm.  above  the  zone  of  contact,  which  is  similar  in  ap- 
jwarance  to  that  due  to  albumin.  If  this  ring  (Plate  XIV.,  Figs.  1, 
2,  and  Z),  which  has  been  very  appropriately  compared  to  a  holy 
wafer,  docs  not  appear  within  five  to  ten  minutes,  it  may  be  assumed 
that  the  uric  acid  is  present  in  diminished  amount;  on  the  other 
hand,  it  is  possible  to  determine  the  degree  of  increase  by  the  size 
of  the  ring,  it  being  presupposed  that  the  same  quantities  of  urine 
and  of  the  reagent  are  employed  in  every  case. 
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Should  more  than  25  grammes  of  urea  be  contained  in  a  litre  of 
the  urine  examined^  an  appearance  like  hoarfrost  will  be  noted  on 
the  sides  of  the  vessel,  which  is  due  to  the  formation  of  urea  Ditrate. 
Spangles  of  the  same  substance  only  appear  in  the  presence  of  at 
least  45  grammes,  and  if  50  gnimmes  or  more  of  urea  are  contained 
in  the  litre,  a  dense  mass  of  urea  nitrate  may  be  seen  to  separate 
out. 

Biliary  urine,  when  treated  with  nitric  acid  containing^  a  little 
nitrous  acid,  shows  the  color-play  referable  to  the  action  of  nitric  acid 
upon  bilirubin  (Plate  XIV.,  Fig.  4) ;  the  production  of  the  colors, 
yellow,  green,  blue,  violet,  and  red,  takes  place  from  above  down- 
ward, the  green  color  l)eing  the  most  characteristic  ;  in  the  absence  of 
the  latter  the  presence  of  biliary  pigment  may  l)e  iK)8itively  excluded. 
The  presence  of  albumin  is  not  at  all  objectionable,  as  the  color-plav 
takes  place  beneath  the  albuminous  disk. 

In  normal  urine  a  transparent,  colored  ring  is  also  obtained,  pre- 
senting a  peach-blossom  red  ;  the  intensity  of  this  may  varv,  how- 
ever, from  a  faint  rose  to  a  pronounced  brick  color,  and  is  referable 
to  normal  urinary  pigment  (Plate  XIV.,  Fig.  5).  In  the  presence  of 
urobilin,  on  the  other  hand,  this  ring  presents  a  distinct  mahoganv 
color. 

Indican  is  indicated  by  the  appearance  of  a  ring  (Plate  XIV.,  Fig. 
2),  which  is  more  or  less  violet,  and  situated  above  that  referable  to 
the  normal  urinary  pigment.  Its  intensity  varies,  with  the  amount 
present,  from  a  light  blue  to  a  deep  indigo-blue. 

A  cloud  at  the  zone  of  contact  of  the  two  fluids  may  be  referable, 
not  only  to  the  presence  of  scrum-albumin,  but  also  of  globulin  and 
albumoses  (propeptones),  while  a  negative  reaction  will  generallv 
indiciite  the  absence  of  these  bodies.  That  the  uric-acid  ring  will 
be  mistaken  for  albumin  is   hardly  likely,  if  it  is  remembered  that 
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Fio.  1.  The  nitric-acid  tt*st  as  applied  to  the  urine  :  The  lijL!:ht,  colorless  rin^^in  the 
clear  urine  alM>ve  shows  a  slight  increase  in  the  amount  of  uric  acid  ;  the  lar^e  white 
band  denotes  a  lar^e  amount  of  albumin,  bordering  upon  a  colored  ring,  referable 
partly  to  indican  (blue)  an<l  partly  to  urorosein. 

Fig.  2.  The  nitric-acid  test  as  applied  to  the  urine :  The  liprht  ring  in  the  clear 
urine  al)ove  denotes  a  slight  increase  in  the  amount  of  uric  acid.  The  bluish-black 
band  is  referable  to  an  enormous  increase  in  tlie  anumnt  of  indican.  Taken  from  a 
case  of  ileus. 

Fig.  3.  The  nitric-aci<l  test  as  applied  to  tlie  urine  :  The  broad,  light  band  in  the 
clear  urine  above  is  referable  to  an  enormous  increase  in  the  amount  of  uric  a<:*icl. 
Taken  from  a  case  of  laparotomy. 

Fi(}.  4.  The  nitric-acid  test  as  applied  to  the  urine  :  The  color-play  referable  to  the 
presence  of  bilirubin  is  shown  in  a  dia^ninunatic  nwmner. 

FiO.  5.  The  nitric-acid  te«ta.s  applied  to  tlie  urine:  The  colortnl  ring  is  referable  to 
the  presence  of  normal  urinarj*  coloring  matter. 
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this  never  first  appears  at  the  zone  of  contact  of  the  two  fluids,  but 
always  in  the  uppermost  portion  of  the  urine.  It  is  true  that  urines 
are  occiisionally  observed,  in  which  the  separation  of  uric  acid,  always 
in  the  amorphous  form,  takes  place  so  suddenly,  that  within  a  minute 
or  two  the  entire  urinous  portion  of  the  mixture  is  completely 
clouded,  resembling  the  appearance  presented  by  a  highly  albuminous 
urine.  Such  an  excessive  elimination  of  uric  acid  is  quite  uncom- 
mon, however,  and  it  is  to  be  remembered  that  with  uric  acid  the 
cloudiness  proceeds  from  above  downward,  and  never  from  below 
upward,  as  is  the  case  with  albumin.  Should  any  doubt  be  felt,  it 
is  only  necessary  to  remove  a  few  c.c.  of  this  cloudy  urine  by  means 
of  a  pipette  and  to  heat  it  gently  in  a  test-tube,  when  the  urine  will 
clear  up  entirely,  if  the  precipitate  is  due  to  uric  acid,  while,  if  caused 
by  albumin,  it  will  remain  or  become  still  more  intense.  Should  the 
precipitate  caused  by  nitric  acid  consist  of  albumoses,  this  will  also 
clear  up  entirely,  to  reappear  on  cooling,  the  fluid  at  the  same  time 
assuming  a  distinct  yellow  color.  The  occurrence  of  a  distinctly 
yellow  a)lor  in  the  urine,  moreover,  which  is  only  partially  cleared 
upon  the  application  of  heat,  and  be  it  remembered  that  a  much 
higher  temperature  is  necessary  for  the  solution  of  a  precipitate  refer- 
able to  albumoses  than  of  one  due  to  urates,  will  indicate  the  exist- 
ence of  a  mixed  albuminuria — /.  e.,  the  presence  of  coagulable  albumin 
and  albumoses.  Nitric  acid  may  also  cause  a  precipitation  of  certain 
resinous  bodies,  such  as  those  contained  in  turpentine,  balsam  of 
copaiba  and  tolu,  etc.  If  any  doubt  is  felt,  the  mixture  should  be 
shaken  with  alcohol,  when  the  precipitate  caused  by  these  substances 
is  at  once  dissolved.  The  mucinous  body — nucleo-albumin — which 
is  at  times  found  in  the  urine,  is  also  precipitated  by  nitric  acid,  but 
need  not  occupy  our  attention  at  this  place.  From  what  has  been 
said  it  is  manifest  that  the  employment  of  the  nitric-acid  test,  in  the 
manner  indicated,  furnishes  much  valuable  information,  and  the 
adoption  of  the  method,  as  described,  not  only  by  hospital  stu- 
dents, but  by  general  practitioners  as  well,  cannot  be  too  strongly 
urged. 

Boiling  Test. — A  few  c.c.  of  urine  are  boiled  in  a  test-tube  and 
then  treated  with  a  few  drops  of  concentrated  nitric  acid,  no  matter 
whether  a  precipitate  has  occurred  upon  boiling  or  not.  If  albumin 
is  present,  this  will  separate  out  as  a  flaky  precipitate,  which  consists 
of  serum-albumin,  frequently  mixed  with  serum-globulin.  It  is 
true  that  albuminous  urines  will  generally  yield  a  precipitate  on  boil- 
ing alone,  but  it  must  l>e  rememl>ered  that,  unless  the  reaction  is  de- 
cidedly arid,  a  precipitation  of  normal  calcium  phosphate  may  occur, 
owing  to  the  fact  that  the  reaction  of  the  urine  upon  boiling  becomes 
acid  from  an  r^scape  of  the  carbonic  acid  held  in  solution, 
brines  presenting  an  alkaline  or  amphoteric  reaction  this  is  very 
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frer|uently  noted,  and  might  give  rise  to  confusion,  as  the  preci{Mtate, 
due  to  calcium  phosphate,  very  closely  resembles  that  referable  to 
albumin.  Care  must  hence  1>e  taken  to  insure  a  distinctly  acid  reacy 
tion,  which  is  best  accomplished  by  the  addition  of  nitric  acid,  when 
a  precipitate  referable  to  phosphates  is  at  once  dissolved,  while  one 
due  to  albumin  remains,  and  may  even  l)ecome  more  marked.  The 
<juantity  to  be  added  should  usually  be  equivalent  to  about  0.05  to 
0.1  of  the  volume  of  the  urine.  Under  no  consideration  should  the 
acid  be  added  before  boiling,  nor  should  the  urine  be  boiled  after  its 
addition,  as  small  amounts  of  albumin  will  otherwise  be  overlooked, 
owing  to  the  fact  that  hot  nitric  acid  dissolves  the  precipitate  to  a 
certain  degree.  If,  after  the  addition  of  the  nitric  acid,  the  urine 
turns  a  distinct  yellow,  and  if  then  upon  cooling  a  white  precifM* 
tate  apj)ears,  the  presence  of  albumoses  may  be  inferred.  Uric  acid 
will  prol>ably  never  (siuse  confusion,  as  this  only  separates  out  upon 
cooling,  and  then  presents  a  dark-brown  color.  As  in  the  case  of 
the  nitric-acid  test,  so  also  here,  a  precipitation  of  certain  resins  is 
noted  at  times  ;  these  may  be  recognized  by  their  solubility  in  alco- 
hol. Albumoses  are  also  precipitated  u}>on  the  application  of  heat, 
but  su(»h  precipitates  again  dissolve  when  the  temperature  approaches 
the  lK)iling  jK)int  (see  p.  3J>1). 

Should  acetic  acid  be  used  instead  of  nitric  acid,  great  care  must 
be  taken  to  avoid  an  excess,  as  otherwise  the  albumin  will  be  dis- 
solved. As  this  danger  diminishes  the  greater  the  quantity  of  salts 
contained  in  the  urine,  it  is  advisable  to  treat  the  urine,  first  with  a 
few  drops  of  acetic  acid  until  a  distinctly  acid  reaction  is  obtained, 
and  then  to  add  one-sixth  of  its  own  volume  of  a  saturated  sohition 
of  sixliuni  chloride,  inagnosiiini  sulphate,  or  sodium  sulphate,  when 
upon  lK>ilin^  a  precipitation  of  tlie  albumin  will  occur.  Carried 
out  in  this  manner,  the  test  is  absolutely  certain  and  will  dem- 
onstrate even  mininuil  amounts  of  albumin.  If  an  equal  volume 
of  a  saturate  solution  of  common  salt  is  added  to  the  acidified  urine 
albumoses  are  also  j)rcci|>itatc(l,  i)ut  the  precipitate  dissolves  on 
boiling. 

TiiK  PoTAssiTM  Fi:nn(H'VANri)K  T^xr. — A  few  c.c.  of  urine  are 
HtroiKflji  acidified  with  acetic  acid  (sp.  irr.  l.O^M)  and  treated  with  a 
few  drops  of  a  lO-per-ccnt.  solution  of  potassium  ferrocyanide,  when, 
in  the  prescnee  of  but  little  albumin,  a  faint  turbidity,  or,  if  much 
albumin  is  present,  a  flaky  j)rccipitatc,  is  noted,  which  is  best  recog- 
nized by  comparison  with  a  tube  containin<r  some  of  the  pure  filtered 
urine,  both  tulx^s  being  held  against  a  black  background.  Concen- 
trated urines  should  be  previously  diluted  with  water,  as  albumoses, 
like  serum-albumin  and  serum-globulin,  which  may  be  precipitated 
in  this  manner,  otherwise  remain  in  solution.  Here,  also,  as  in  the 
tests   described,  the  presence  of  albumoses  may  be  inferred,  if  the 
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precipitate  disappears  upon  boiling,  while  a  partial  clearing  up,  on 
the  other  hand,  indicates  the  presence  of  both  albamoses  and  coagu- 
lable  albumin. 

At  times  the  addition  of  acetic  acid  by  itself  is  followed  by  the 
appearance  of  a  cloud  in  the  urine,  which  may  be  due  to  urates  or  to 
urinary  mucin  (nucleo-albumin),  as  already  mentioned.  In  such 
cases  the  urine  should  be  refiltered,  diluted  with  water,  and  the  test 
again  applied. 

V.  Jaksch  advises  the  careful  addition,  by  means  of  a  pipette,  of  a 
few  c.c.  of  fairly  concentrated  acetic  acid,  to  which  a  little  potassium 
ferrocyanide  has  been  added,  when  the  albumin,  as  in  Heller's  test, 
is  seen  to  form  a  ring  at  the  plane  of  contact  between  the  two  fluids. 
Instead  of  potassium  ferrocyanide,  potassium  platinocyanide  may 
also  be  employed,  and  has  the  advantage  that  the  test-solution  is 
colorless. 

The  Trichloracetic- acid  Test. — This  test  is  undoubtedly  the 
most  delicate  of  those  so  far  described,  but  not  so  delicate  that  a 
trace  of  albumin,  or  nucleo-albumin,  as  has  been  suggested  by  some, 
can  be  demonstrated  in  every  urine.  An  experience  based  upon  the 
examination  of  several  thousand  urines  with  this  reagent  warrants 
my  speaking  with  a  certain  amount  of  confidence  upon  the  subject. 
Very  frequently  it  is  possible  with  this  method  to  demonstrate 
albumin  in  urines,  in  which  the  more  common  tests  yield  negative 
results,  but  in  which  tube-casts  may  nevertheless  be  found  upon 
microscopic  examination.  The  test  is  applied  as  follows :  By 
means  of  a  pipette,  1  or  2  c.c.  of  an  aqueous  solution  of  the  reagent 
(sp.  gr.  1.147)  are  carried  to  the  bottom  of  a  test-tube,  containing 
the  carefully  filtered  urine,  so  as  to  form  a  layer  beneath  the  urine. 
In  the  presence  of  albumin,  a  white  ring  will  be  seen  to  form  at  the 
zone  of  contact  between  the  two  fluids,  varying  in  intensity  with  the 
amount  of  albumin  present.  So  far  as  the  test  for  albumin  is  con- 
cerned, this  reagent  possesses  an  advantage  over  the  nitric  acid  in 
that  the  colored  rings,  which  are  so  often  confusing  to  the  inexperi- 
enced, are  but  rarely  observed.  Serum-albumin,  serum-globulin, 
and  albumoses  are  thus  precipitated,  the  presence  of  the  latter  being 
recognized,  as  in  the  previous  tests,  by  the  fact  that  the  precipitate 
di8ap|)ears  upon  boiling  and  reappears  on  cooling.  A  cloud,  refer- 
able to  uric  acid,  also  appears,  if  this  is  present  in  excessive  amounts, 
but  it  is  readily  distinguished  from  that  caused  by  albumin  by  the 
fact  that  it  disappears  upon  the  application  of  gentle  heat.  A  pre- 
vious dilution  of  the  urine,  moreover,  guards  against  this  occur- 
rence. 

Other  tests  have  also  been  suggested  for  the  detection  of  albumin 
in  the  urine,  such  as  the  metaphosphoric-acid  test,  the  phenol,  tannic- 
acid,  and  picric-acid  tests,   that  with    Tanret's  reagent,  phospho- 
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tnng«ftic  and  phospbo-molybdic  acids,  and  quite  recently  Spider's 
reagent. 

Of  these,  only  the  picric-aeid  and  Spiegler  s  test  wUl  be  con- 
sidered. 

PirRic-Acri)  Test. — The  picric-acid  test  is  not  applicable  as  a 
test  for  albumin  as  such,  and  is  only  mentioned  in  this  connection, 
becau-rc  Esbach's  quantitative  method  is  based  upon  it.  His  reagent 
is  composed  of  10  grammes  of  picric  acid  and  20  grammes  of  crrs- 
tallized  citric  acid,  dissolved  in  a  litre  of  distilled  water.  If  to  this 
solution  albuminous  urine  is  addeil,  the  mixture  is  rendered  tarbid, 
and  after  some  time  a  seiliment  which  consists  not  only  of  albu- 
mins, hut  also  of  uric  acid,  kreatinin,  and  other  extractives,  will 
form  at  the  Ix^ttom  of  the  tube  (see  Quantitative  estimation  of 
albumin). 

Spiex;i.er's  Test. — Spie^ler's  reagent  consists  of  8  parts  bv 
weight  of  mercuric  chloride,  4  parts  of  tartaric  acid,  and  200  parts 
of  water,  in  which  20  parts  of  cane-sugar  are  further  dissolved,  eo 
as  to  increase  the  specific  gravity  of  the  reagent  and  permit  of  its 
being  employe<l,  like  Heller's  test,  even  in  concentrated  urines. 
One-third  of  a  test-tube  is  filled  with  the  reagent,  and  the  urine 
carefully  placed  above  this  by  allowing  it  to  flow  slowly  down  the 
side  of  the  tube ;  in  the  presence  of  albumin  a  sharply  defined  white 
ring  will  l)e  observed  where  the  two  liquids  are  in  contact.  Peptone 
gives  no  reaction,  while  albumoses  are  precipitated  and  may  be  recog- 
nized as  indicated  alxive. 

Special  Tkst  for  SERUM-ALBrMix. — Should  it  be  desired,  for 
any  reason,  to  demonstrate  senini-albiirain  alone,  the  urine  is  ren- 
dered amphoteric  or  faintly  alkaline  with  sodium  hydrate,  and  then 
saturated  with  magnesium  sulphate  in  sul>stance,  in  order  to  remove 
any  glolnilin.  The  filtrate  is  stmngly  acidifieil  with  acetic  acid, 
when  a  flaky  precipitate,  api)earing  upon  boiling,  will  indicate  the 
presence  of  scrum-albumin. 

Pdteiii's  a/lmmin  difftTs  from  the  coniniou  serum-albumin  in  being 
soluble  in  acetic  acid. 

Ver\'  often,  as  in  the  examinati(^n  for  sugar,  it  is  necessary  to  re- 
move any  coagulable  albumin  that  may  be  present,  to  which  end  the 
urine  is  rendered  distinctly  acid  with  acetic  acid  and  boiled.  An  ex- 
amination  of  the  filtrate  with  potassium  fcrnxyanide,  if  the  amount 
of  acetic  acid  added  was  just  sufficient,  will  then  yield  a  negative  re- 
sult (see  p.  392). 

Quantitative  Estimation  of  Albumin. — For  the  quantitative  esti- 
mation of  albumin  a  number  of  methods  have  been  devised,  which 
fact  in  itself  is  sufficient  to  indicate  that  the  majority  of  these,  at 
least,  are  unsatisfactory. 

Old  Method  hv  J^oiling. — If  only  comparative  results  are  to 
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be  obtained,  the  old  method  of  boiling  a  definite  amount  of  urine, 
after  the  addition  of  acetic  acid,  and  allowing  the  albumin  to  settle 
for  twenty-four  hours,  may  be  employed.  For  this  purpose  Neu- 
bauer  suggests  the  use  of  glass  tubes,  measuring  one-half  to  three- 
quarters  of  an  inch  in  diameter,  which  are  closed  at  the  lower  end 
with  a  cork.  Ordinary  test-tubes  answer  the  purpose  perfectly  well, 
but  care  should  be  taken  that  the  same  quantity  of  urine  is  used  in 
every  case.  These  tubes  may  then  be  corked  and  kept  for  several 
days  for  comparison.  The  results,  of  course,  only  express  the  reU 
ative  amount  of  albumin  present,  and  it  should  be  remembered  that 
the  error  incurred  may  amount  to  as  much  as  30  or  even  50  per 
c«nt.  of  the  quantity  that  is  found  by  gravimetric  analysis.  This 
is  owing  to  the  fact  that  sometimes  the  albumin  separates  out  in  large 
flakes,  and  at  other  times  in  small  flakes,  and  that  the  d^ree  of 
precipitation  is  alsc3  influenced  by  the  specific  gravity  of  the  super- 
natant urine. 

Voi.i'METRic  Method  of  Wassiliew. — This  method  can  be 
strongly  recommended  for  the  quantitative  estimation  of  albumin,  as 
it  is  both  simple  and  accurate. 

Ten  to  twenty  c.c.  of  urine,  which  are  best  diluted  to  50  c.c.  with 
distilled  water,  are  treated  with  2  drops  of  a  1-per-cent.  aqueous 
solution  of  true  yellow,  and  then  titrated  with  a  25-per-cent.  solution 
of  salicyl-sulphonic  acid,  until  a  distinct  brick-red  color  is  obtained. 
The  number  of  c.c.  employed,  multiplied  by  0.01006,  will  indicate 
the  amount  of  albumin  in  the  10  or  20  c.c.  of  urine  examined.  If 
the  urine  is  alkaline,  it  should  first  be  slightly  acidified  with  acetic 
acid. 

Esbach's  Method. — For  clinical  purposes,  Esbach's  method  is 
the  most  convenient.  As  stated  above,  his  reagent  is  composed  of 
10  grammes  of  picric  acid  and  20  grammes  of  citric  acid,  dissolved  in 
1,000  c.c.  of  distilled  water.  Special  tubes,  termed  albumin imeters 
(Fig.  96),  are  employed,  which  bear  two  marks,  one,  C7,  indicating 
the  point  to  which  urine  must  be  added,  and  one,  i?,  the  point  to 
which  the  reagent  is  added.  The  lower  portion  of  the  tube  up  to  Z7 
bears  a  scale  reading  from  1  to  7.  The  tube  is  filled  to  ?7^vith  the 
filtered  albuminous  urine,  and  the  reagent  added  until  the  point  R\r 
reached.  The  tube  is  then  closed  with  a  stopper,  inverted  twelve 
times,  and  set  aside  for  twenty-four  hours.  At  the  expiration  of  this 
time  serum-albumin,  serum-globulin,  and  albumoses,  as  well  as  uric 
acid  and  kreatinin,  will  have  settled  down,  when  the  amount  pro 
mille,  in  grammes,  may  be  directly  read  oS  from  the  scale.  A  few 
precautions  must,  however,  be  observed  in  order  to  obtain  as  accurate 
results  as  possible.  The  reaction  of  the  urine  should  be  acid,  and 
if  such  is  not  the  case  acetic  acid  is  added.  Its  specific  gravity 
should,  furthermore,  not  exceed  1.006  or  1.008,  the  proper  density 
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being  obtained  by  diluting  with  water.     The  temperature  also  ap- 
pears to  play  an  im[)ortant  rdle,  the  reading  generally  being  higher 
with  a  low  than  with  a  more  elevated  temperature ;   15** 
Fig.  96.     C.  is  best  adapted  to  our  purpose. 

The  Differential  Density  Method. — More  ac- 
curate results  may  be  obtained  with  the  following  method, 
which  is  based  upon  the  diminution  in  the  specific  gravity 
of  the  urine  after  the  removal  of  all  albumin,  and  its 
comparison  with  the  specific  gravity  observed  before.  To 
this  end  the  urine  is  treated  with  a  sufficient  amount  oi 
acetic  acid  to  insure  a  complete  precipitation  of  the  albu- 
min (see  below),  when  its  specific  gravity  is  noted.  It  is 
then  brought  to  the  boiling-jwint,  care  being  taken  to 
guard  against  evai)oration  by  placing  the  urine  in  an  ordi- 
nary medicine-bottle ;  this  is  closed  with  a  rubber  stopper 
that  has  been  previously  boiled  in  a  solution  of  sodium 
hydrate  and  washed  until  free  from  an  alkaline  reaction, 
the  stopper  being  tightly  fastened  with  a  cord  or  wire. 
Thus  prepared,  the  bottle  is  kept  in  boiling  water  for  ten 
to  fifteen  minutes.  The  urine  is  then  filtered  on  cooling, 
ev^aporation  being  again  carefully  guarded  against  by 
filtering  into  a  bottle  through  a  funnel,  which  has  been 
passed  through  a  closely  fitting  stopper  ;  the  funnel  is 
Eabach's  ai-  ^^1^*  covcred  by  a  plate  of  glass.  The  specific  gravity  is 
tumiDimeter.  then  again  determined,  and  it  is  best  in  l>oth  cases  to  use 
a  pyknometer.  The  decrease  in  the  siK?cific  gravity,  mul- 
tiplied by  400,  will  indicate  the  number  of  grammes  of  albumin  in 
100  c.c.  of  urine. 

GiiAViMfTiRic  Mfithoi). — If  special  accuracy  is  required,  the 
amount  of  all)umin  must  l)e  determined  "cravimetricallv  as  follows  : 
A  certain  amount  of  urine,  after  having  been  acidifie<l  with  acetic 
acid,  so  as  to  insure  a  complete  j)recipitation  of  all  albumin,  is  boiled  ; 
the  albumin  is  then  filtered  off,  dried,  and  weighed.  For  this  pur- 
pose, 500  to  1,000  c.c.  of  carefully  filtered  urine  should  be  available. 
A  specimen  of  this,  if  already  acid,  is  placed  in  a  test-tube,  in  boiling 
water,  until  coagulation  takes  place,  when  it  is  further  heated  over 
the  free  flame  and  filtered.  The  filtrate  is  then  tested  with  acetic  acid 
and  ]X)tassium  ferrocyanide.  Should  no  albumin  i)o  thus  demonstra- 
ble, the  entire  amount  of  urine  is  treated  in  the  same  manner  and 
requires  no  further  addition  of  acetic  acid.  If,  however,  the  test 
yields  a  positive  result,  it  is  apparent  that  the  urine  was  not  suffici- 
ently acid.  The  entire  volume  is  then  treated  with  a  30-  to  oO-per- 
cent.  solution  of  acetic  acid,  drop  i>y  drop,  the  mixture  being  thor- 
oughly stirred  and  specimens  tested  from  time  to  time,  as  described. 
When,  finally,  the  urine  remains  clear  or  shows  only  a  faint  turbid- 
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ity,  100  c.c.  or  less,  according  to  the  amount  of  albumin  present,  are 
first  heated  in  boiling  water,  until  the  albumin  begins  to  separate  out 
in  flakes,  and  then  carefully  brought  to  the  boiling-point  over  the 
free  flame.  The  supernatant  urine  is  decanted  through  a  filter,  dried 
at  120°  to  130°  C,  and  accurately  weighed,  when  tiie  whole  amount 
of  the  precipitate  is  itself  brought  upon  the  filter.  Any  albumin 
remaining  in  the  beaker  is  detached  from  its  sides  by  means  of  a 
glass  rod,  tipped  with  a  piece  of  rubber-tubing,  and  collected 
by  the  aid  of  hot  water.  With  this  the  entire  precipitate  is  now 
thoroughly  washed,  until  the  washings  no  longer  become  turbid, 
when  treated  with  a  drop  of  nitric  acid  and  silver  nitrate,  in  other 
words,  until  the  chlorides  have  been  completely  removed.  The  pre- 
cipitate is  further  washed  with  alcohol  and  finally  with  ether  to  re- 
move any  fats  that  may  be  present,  when  it  is  dried  at  120°  to  130° 
C,  until  a  constant  weight  is  reached.  If  still  greater  accuracy  ia 
required,  the  dried  and  weighed  precipitate  is  now  incinerated  to 
determine  the  amount  of  mineral  ash  in  combination  with  the  al- 
bumin, which  is  then  deducted  from  the  previous  weight.  The  best 
results  are  obtained,  if  not  more  than  0.2  to  0.3  gramme  of  albumin 
is  contained  in  the  amount  of  urine  employed,  so  that  a  smaller 
quantity  than  100  c.c.  should  be  used,  if  a  previous  test  with  Es- 
bach's  albuminimeter  shows  a  higher  percentage. 

A  glass-wool  filter  insures  a  more  rapid  process  of  drying — twenty- 
four  to  thirty  hours  ;  but  care  must  then  be  had  that  this  is  properly 
prepared,  so  as  to  guard  against  a  loss  of  the  wool  while  washing. 

Test  for  Semm-globulin  and  its  Quantitative  Estimation. — ^To  test 
for  serum-globulin  the  urine  is  rendered  alkaline  by  the  addition  of 
ammonium  hydrate,  any  phosphates  that  may  thus  be  thrown  down 
being  filtered  off  on  standing.  The  urine  is  then  treated  with  an 
equal  volume  of  a  saturated  solution  of  ammonium  sulphate,  when 
the  occurrence  of  a  precipitate  will  indicate  the  presence  of  the  glob- 
ulin. Ammonium  urate,  which  may  likewise  separate  out,  can  al- 
ways be  recognized  by  its  color. 

According  to  Paton,  the  following  test  may  also  be  employed  :  The 
urine  after  having  been  rendered  alkaline  with  sodium  hydrate, — 
any  phosphates  which  may  separate  out  are  filtered  off, — is  care- 
fully poured  down  the  side  of  a  test-tube  containing  a  saturated  solu- 
tion of  sodium  sulphate,  so  as  to  form  a  layer  above  this,  when  in 
the  presence  of  serum-globulin  a  white  ring  will  appear  at  the  zone 
of  contact. 

If  a  quwititative  edhnaiion  of  the  globulin  is  to  be  made,  the  pre- 
cipitate thus  obtained,  after  about  one  hour's  standing,  is  collected 
on  a  dried  and  weighed  filter,  and  washed  thoroughly  with  a  one- 
half  saturated  solution  of  ammonium  sulphate,  until  a  specimen 
of  the  washings  treated  with  acetic  acid  and   potassium  ferrocy- 
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anidc  no  longer  gives  a  precipitate.  It  is  then  treated  as  directed 
in  the  method  employed  for  the  quantitative  estimation  of  serum- 
albumin. 

Tests  for  Albumoses. — A  small  amount  of  urine  is  strongly  acidified 
with  acetic  acid  and  treated  with  an  equal  volume  of  a  saturated  so- 
lution of  common  salt.  In  the  presence  of  albumoses  a  precipitate 
occurs,  which  dissolves  on  boiling  and  reappears  on  cooliDg.  If 
serum-albumin  should  also  be  present,  which  is  usually  the  case, 
the  hot  liquid  must  be  filtered.  The  albumoses  arc  found  in  the 
filtrate  and  appear  on  cooling.  If  the  hot  filtrate,  moreover,  is  ren- 
dered alkaline  with  a  solution  of  sodium  hydrate,  a  red  color  de- 
velops upon  the  addition  of  a  very  dilute  solution  of  copper  sulphate, 
added  drop  by  drop  (biuret  reaction).  On  boiling  with  ilillon^s  re- 
agent a  red  color  is  also  obtained.  This  reagent  is  prejMired  by 
dissolving  one  part  of  mercury  in  two  parts  of  nitric  acid,  of  a 
specific  gravity  of  1.42,  and  diluting  with  two  volumes  of  distilled 
water. 

Further  tests  for  albumoses  have  already  been  described  in  connec- 
tion with  the  common  t^sts  for  serum-albumin. 

Test  for  Peptones. — That  peptones  in  the  sense  of  Kuhne  do  not 
occur  either  in  normal  or  pathologic  urines  has  already  been  pointed 
out,  and  the  methods  to  be  described  have  therefore  reference  only 
to  peptone  in  the  older  senm  of  thr.  word, 

Salkowski's  Method. — Fifty  c.c.  of  urine  are  acidified  in  a 
beaker  with  5  c.c.  of  hydrochloric  acid,  and  precipitated  with  phos- 
photungstic  acid,  the  mixture  being  heated  over  the  free  flame,  when 
in  a  few  minutes  the  precipitato  will  form  a  resinous  mass,  which 
closely  adheres  to  the  bottom  of  the  vessel.  The  supernatant  fluid 
is  decanteil,  and  the  mass  at  the  bottom,  which  now  bc(^omes  granular, 
washed  twice  with  distilled  water,  which  is  likewise  removed  by 
decantation.  The  prcicipitate  is  then  covered  with  about  8  c.c.  of 
distilled  water,  and  treated  with  0.5  c.c.  of  a  sodium  hydrate  solu- 
tion (sp.  gr.  1.1(5).  Upon  shaking  the  beak(»r  the  mass  will  dissolve, 
the  solution  assuming  a  dark-blue  color.  This  is  heated  on  the  free 
flame  until  the  blue  color  turns  to  a  dirty,  grayish-yellow;  the  solu- 
tion at  the  same  time  becomes  turbid,  but  at  times  may  turn  yellow 
and  remain  clear.  This  discoloration  mav  be  hastened  bv  the  further 
addition  of  a  few  drops  of  sodium  hydrate  solution.  As  soon  as 
this  point  has  been  reached,  some  of  the  liquid  is  j>laced  in  a  test- 
tul>e,  allowed  to  cool,  and  then  treated  with  a  very  dilute  solution 
of  co])per  sulj)hate  (1  to  2  per  cent.)  drop  by  drop;  in  the  presence 
of  peptones  the  solution  assumes  a  l>ri<i:ht-red  color,  which  may  be 
brought  out  still  more  strongly,  if  the  specimen  is  now  filtered.  If 
albumin  or  much  mucin  is  present,  these  bodies  must  first  be  re- 
moved (see  p.  394  and  below) ;   but  the  (piantity  of  urine  employed 
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is  so  small  that  the  mucin  can  usually  be  disregarded.  With  this 
method,  which  occupies  only  about  five  minutes,  0.015  gramme  of 
peptones  pro  100  c.c.  may  be  demonstrated  without  difficulty. 

Salkowski  has  recently  pointed  out  that  urines  which  are  very 
rich  in  urobilin,  as  in  pneumonia,  may  give  rise  to  the  biuret-reac- 
tion,  even  when  albumoses  are  absent.  The  coloring-matter,  it  is 
true,  may  be  removed  entirely  by  precipitation  with  acetate  or  sub- 
acetate  of  lead,  but  a  portion  of  the  albumoses  unfortunately  is  also 
carried  down,  and  the  substance  may  thus  escape  detection,  when 
present  only  in  small  amounts.  He  hence  suggests  that  smaller 
quantities  of  urine,  such  as  10  c.c,  be  employed  in  the  test.  The 
reaction  is  then  not  so  well  marked,  but  the  results  are  more  re- 
liable. 

Bang's  Method. — ^This  method  has  recently  been  introduced 
and  is  said  to  be  free  from  the  objections  attaching  to  the  one  pro- 
posed by  Salkowski.  Ten  cubic  centimetres  of  urine  are  heated  in 
a  test-tube  with  eight  grammes  of  finely  powdered  ammonium  sul- 
phate until  the  salt  has  been  dissolved,  and  boiled  for  a  moment. 
The  hot  fluid  is  then  centrifugated  for  one-half  to  one  minute,  the 
supernatant  fluid  poured  off*  and  the  sediment  rubbed  up  with 
alcohol  in  an  agate  mortar.  The  alcohol  is  poured  off*,  the  residue 
dissolved  in  a  little  water,  boiled,  filtered,  and  the  filtrate  tested  with 
sodium  hydrate  solution  and  copper  sulphate  as  described.  Should 
the  urine  be  especially  rich  in  urobilin,  i,  e.,  manifesting  a  well- 
marked  fluorescence  with  zinc  chloride  and  ammonia,  it  is  best  to 
extract  the  final  aqueous  solution  with  chloroform,  by  shaking,  to  re- 
move the  chloroform,  and  then  to  test  with  copper  sulphate.  In  this 
manner  it  is  possible  to  demonstrate  the  presence  of  albumoses  in  a 
dilution  of  1  :  4000-5000.  Other  constituents  of  the  urine,  with 
the  exception  of  hajmatoporphyrin,  do  not  interfere  with  the  test. 
Should  this  be  present,  however,  which  may  be  suspected,  if  a  red 
alcoholic  extract  is  obtained,  the  urine  must  first  be  precipitated  with 
barium  chloride.  The  filtrate,  which  contains  the  albumoses  is  then 
examined,  as  described. 

If  a  centrifuge  is  not  available  the  urine  is  boiled  witli  the  ammo- 
nium sulphate,  when  a  portion  of  the  albumoses  will  remain  on  the 
sides  of  the  tube,  as  a  sticky  mass.  This  is  washed  with  alcohol, 
and  if  necessarj'  with  chloroform,  dissolved  in  water,  and  tested  for 
biuret. 

The  alcoholic  extract  may  also  be  used  for  testing  for  urobilin. 
To  this  end  it  is  only  necessary  to  add  a  few  drops  of  a  solution  of 
zinc  chloride,  when  in  the  presence  of  urobilin  a  beautiful  fluores- 
cence will  be  observed.     The  test  is  extremely  delicate. 

Tests  for  (Mucin)  Nucleo-albumin. — The  carefully  filtered  urine  is 
treated  in  a  test-tube,  drop  by  drop,  with  an  excess  of  concentrated 
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acetic  acid,  when  the  occurrence  of  a  turbidity  will  indicate  the 
presence  of  nucleo-alburain. 

If  the  urine  contains  albumin,  this  must  first  be  removed,  simple 
l)oiling  being  suiBcient.  Dilution  of  the  urine  (1  part  to  3  of  water) 
should  also  be  practised  when  any  doubt  is  felt,  as  urates  will  then 
not  interfere  with  the  reaction,  nor  will  the  urinary  salts  be  so  apt  to 
exert  a  solvent  action  upon  the  mucin,  if  they  are  present  in  large 
amoimts. 

Ott's  test  may  also  be  advantageously  employed.  To  this  end  a 
few  c.c.  of  urine  are  treate<l  with  an  equal  volume  of  a  saturated 
solution  of  common  salt,  when  Alm(*n's  solution,  which  consists 
of  5  grammes  of  tannic  acid,  10  c.c.  of  a  25-per-cent.  solution  of 
acetic  acid,  and  240  c.c.  of  40-  to  50-per-cent.  alcohol,  is  slowly 
added.  In  the  presence  of  nucleo-albumin  a  precipitate  develops 
at  once. 

Xucleo-albumin  is  characterized  by  its  insolubility  in  acetic  acid, 
in  the  fact  that  it  is  precipitated  by  magnesium  sulphate,  and  that  it 
does  not  give  rise  to  the  formation  of  a  reducing  substance,  when 
boiled  with  dilute  acids.  It  is  thus  readily  distinguished  from 
globulin  and  true  mucin,  with  which  it  has  frequently  been  con- 
founded. Globulin  precipitates  are  easily  soluble  in  acetic  acid,  and 
mucin,  when  boiled  with  acids,  gives  rise  to  the  formation  of  a  re- 
ducing substance. 

In  order  to  remove  nucleo-albumin  from  the  urine  this  is  treated 
with  neutral  acetate  of  lead,  an  excess  of  the  reagent  being  carefully 
avoided.  If  it  is  desired  to  test  for  peptones,  the  filtrate  is  then 
treated  with  liy<lrochloric  acid  and  the  process  continued,  as  described 
above. 

Test  for  Haemoglobin. — Tlio  diagnosis  of  hieraoglobinuria  is  based 
upon  the  demonstration  of  lifcniotrlobin,  viz,  methfcmoglobin,  in  the 
urine  in  t^olution,  in  tlie  al)S(»noo  of  red  corpuscles,  or  at  least  in  the 
|)resonce  of  only  a  very  sniidl  nmnber,  so  that  an  examination  in  the 
latter  direction  is  also  an  imjxnlant  factor. 

Bloody  urine  is  generally  turbid  and  may  vary  in  color  from 
bright- red  to  almost  black. 

Oxyluemoglobin,  as  such,  can  only  ho  recognized  by  the  spcK?- 
trosco])e,  giving  rise  to  the  aj>poaraiice  of  two  bands  of  absorption, 
situated  between  I)  and  K,  as  described  in  the  chapter  on  the 
Blood. 

The  urine  to  be  examined  s|)ectroscopically  should  be  rendered 
feebly  acid  by  means  of  acetic  acid,  and  placed  before  the  open  slit 
of  the  s|)ectrosco|)e  in  a  test-tub(\  iKMiker,  or  similar  vessel,  when  the 
two  bands  of  oxyhemoglobin  will  be  seen,  either  at  once,  or  upon 
carefully  diluting  with  distilled  water.  If  ammonium  sulphide  is 
now  added,  the  spectrum  of  reduced  hiemoglobin  will  be  obtained. 
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It  must  be  remembered,  however,  that  more  commonly  the  spectrum 
of  met  haemoglobin  is  seen  in  cases  of  hajmoglobinuria. 

The  following  tests,  which  will  also  indicate  the  presence  of  blood 
coloring-matter,  cannot  be  employed  to  decide  the  nature  of  the  pig- 
ment present,  as  methsemoglobin  and  oxyhjemoglobin  will  both  react 
in  the  same  manner. 

Heller's  Test. — A  small  amount  of  the  urine,  or  still  better  a 
portion  of  the  sediment,  is  made  strongly  alkaline  with  sodium  hy- 
drate, and  boiled.  On  standing  a  deposit  of  basic  phosphates  forms, 
which  in  the  presence  of  blood  coloring-matter  presents  a  bright  red 
color.  This  is  referable  to  the  formation  of  haemochromogen,  as  may 
be  shown  by  spectroscopic  examination.  Thus  controlled  the  test  is 
extremely  sensitive,  and  still  yields  a  positive  result,  when  the  chem- 
ical test  alone  leaves  in  doubt.  The  deciding  band  is  the  first  be- 
tween D  and  E.  Care  should  be  had,  however,  that  the  solution  is 
cold,  as  otherwise  the  haemochromogen  is  transformed  into  hsematin — 
in  alkaline  solution.  At  times,  when  the  urine  contains  a  large 
amount  of  coloring  matter  (bile  pigment,  etc.),  it  may  be  difficult  to 
appreciate  the  exact  color  of  the  sediment.  In  such  cases  the  sub- 
sequent examination  with  the  spectroscope, — ^the  lensless  instrument 
of  Hering,  or  that  of  Browning  suffices, — is  invaluable.  In  the 
absence  of  such  apparatus  the  procedure  of  v.  Jaksch  may  be  em- 
ployed. To  this  end  the  phosphatic  deposit  is  filtered  oflP  and  dis- 
solved in  acetic  acid,  when,  if  blood  pigment  is  present,  the  solution 
l)ecomes  red,  and  the  color  gradually  vanishes  upon  exposure  to  the 
air. 

The  Guaiacum  Test. — A  mixture  of  equal  parts  of  tincture  of 
guaiacum  and  oil  of  turpentine,  which  has  been  ozonized  by  exposure 
to  the  air,  is  allowed  to  flow  carefully  along  the  side  of  a  test-tube 
upon  the  urine  to  be  examined,  in  such  a  manner  as  to  form  a  dis- 
tinct layer  above  the  urine.  In  the  presence  of  blood-pigment  a 
white  ring,  which  gradually  turns  to  blue,  will  be  seen  to  form  at  the 
surface  of  contact. 

Test  for  Fibrin. — Fibrin  usually  occurs  in  the  urine  in  the  form 
of  distinct  clots,  the  nature  of  which  may  be  determined  by  thor- 
oughly washing  them  with  water,  when  they  are  dissolved  by  boil- 
ing in  a  1-per-cent.  solution  of  soda  or  a  5-per-cent.  solution  of  hy- 
drochloric acid.  Upon  cooling,  this  solution  is  then  tested  as  for 
serum-albumin. 

Test  for  Histon. — The  urine  of  twenty-four  hours  is  first  examined 
for  albumin,  and  this  removed,  if  present.  It  is  then  precipitated 
with  94-per-cent.  alcohol,  the  precipitate  washed  with  hot  alcohol 
and  dissolved  in  boiling  water.  Upon  cooling,  the  solution  thus 
obtained  is  acidified  ^vith  hydrochloric  acid  and  allowed  to  stand  for 
several  hours.  During  this  time  a  cloudiness,  referable  to  a  large 
26 
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extent  to  uric  acid,  develops,  which  is  filtered  off,  when  the  filtrate  is 
precipitated  with  ammonia.  In  addition  to  certain  mineral  oonstitn- 
enti<,  histon,  if  present,  is  also  thrown  down.  The  precipitate  is  col- 
lected on  a  small  filter  and  washed  with  ammoniacal  water  until  the 
w*ashing3  no  longer  give  the  biuret  reaction.  It  is  then  dissolved  in 
dilute  acetic  acid  and  the  solution  tested  with  the  biuret  test ;  if  this 
yields  a  positive  result,  and  if  coagulation  occurs  upon  the  applica- 
tion of  heat,  the  coagulum  being  soluble  in  mineral  acids,  the  pres- 
ence of  histon  may  be  inferred. 

Carbohydrates. 

The  carbohydrates  which  may  occur  in  the  urine  are  glucose,  lac- 
tose, maltose,  dextrin,  levulose,  certain  pentoses  and  animal  gum. 

Olucose. — ^Through  the  researches  of  Wedenski,  v.Udranszky  a.  c, 
we  now  know  that  traces  of  glucose  may  be  encountered  in  the  urine 
under  strictly  normal  conditions.  The  amount,  however,  is  extremely 
small,  and  special  methods  are  necessary  in  order  to  demonstrate  its 
presence.  With  the  usual  clinical  tests  normal  urine  is  apparently 
free  from  sugar,  unless  unduely  large  amounts  have  recently  been 
ingested.  In  that  event  a  certain  amount  of  glucose  is  eliminated 
in  the  urine,  constituting  the  so-called  digestive  glycosuria  of  Claude 
Bernard. 

The  normal  limit  to  the  assimilation  of  glucose  on  the  part  of  the 
body  economy  is  subject  to  considerable  variation.  Some  observers 
thus  report  that  the  ingestion  of  such  hirge  amounts,  as  two  hundred 
and  two  hundred  and  fifty  grammes,  does  not  lead  to  glycosuria, 
while  others  have  found  sugiir  in  the  urine  after  the  administration 
of  one  hundred  grammes.  In  view  of  the  possible  relation  existing 
between  dial>etes  and  a  lowered  limit  to  the  assimilation  of  glucose 
in  apparently  normal  individuals,  or  at  least  in  pt^rsons,  in  which 
glucose  cannot  be  constantly  demonstrated  in  the  urine,  this 
question  has  created  nuicli  interest  within  the  last  few  years  and 
called  forth  a  vast  amount  of  w()rk.  The  majority  of  investiga- 
tors are  now  in  accord  in  n^garding  a  glycosuria  that  follows  the 
ingestion  of  one  hundred  grammes  of  clieniically  pure  glucose  as  ab- 
normal. 

The  method  which  is  usually  em])loved  in  order  to  ascertain  the 
power  of  assimilation  for  glucose  on  the  part  of  an  individual  is  the 
following : 

The  patient  receives  100  grms.  of  glucose,  in  substance,  dissolved 
in  oOO  c.c.  of  water,  on  an  empty  stomach,  and  is  instructed  to  pass 
his  water  hourly  during  the  following  four  to  five  hours.  During 
this  time,  moreover,  no  fm)d  is  to  be  taken.  The  individual  speci- 
mens, as  well  as  the  urine  which  has  l)een    passed  during  the  night. 
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are  then  tested  with  Trommer's  and  Nylander's  test,  with  the  fer- 
mentation test  and  with  phenyl-hydrazin.  A  positive  result,  how- 
ever, is  only  recorded,  when  sugar  can  be  demonstrated  with  the  fer- 
mentation test. 

Cane  sugar  and  larger  amounts  of  glucose  have  also  been  used, 
but  it  is  better,  on  the  whole,  as  Strauss  has  pointed  out,  to  give 
ghicose  and  not  to  exceed  the  dose  of  100  grammes. 

Especially  interesting  are  the  results  which  have  been  obtained  in 
various  diseases  of  the  liver,  to  which  organ  the  important  function 
of  preventing  an  undue  accumulation  of  sugar  in  the  blood  has  been 
repeatedly  ascribed.  Bierens  de*  Haen  thus  reports  that  of  twenty- 
nine  cases  of  various  hepatic  diseases  he  found  sugar  in  eighteen, 
after  the  administration  of  150  grammes  of  cane  sugar,  and  v. 
Jaksch  claims  to  have  obtained  positive  results  in  15  cases  of  phos- 
phorus poisoning  out  of  43.  Strauss,  on  the  other  hand,  states  that 
he  found  sugar  in  only  two  out  of  his  38  cases,  and  has  collected  107 
further  cases  from  the  literature,  where  sugar  could  only  be  demon- 
strated in  fourteen.  If  we  add  these  together  we  have  145  cases  of 
various  hepatic  diseases  with  negative  results  in  88.9  per  cent.  Re- 
ferring to  the  contradictory  results,  which  have  thus  been  obtained, 
Strauss  points  out  that  these  may  have  been  accidental  in  part,  but 
that  the  interpretation  which  has  been  offered  by  v.  Jaksch  and  de 
Haen  may  not  have  been  correct.  It  is  thus  possible  that  in  his 
cases  of  phosphorus  poisoning  other  factors,  besides  the  changes  in 
the  liver,  such  as  the  action  of  the  poison  upon  the  nervous  system, 
etc.,  have  played  a  r6le,  as  a  digestive  glycosuria  may  also  occur  in 
connection  with  other  forms  of  intoxication,  as  in  fevers,  following 
the  administration  of  large  doses  of  diuretin,  in  acute  alcoholism, 
etc.,  where  the  liver  is  not  the  only  organ  that  is  involved.  Strauss 
further  shows  that  great  care  must  be  exercised  in  the  selection  of 
the  material  for  such  investigations,  and  believes  that  errors  referable 
to  this  source  may  have  been  incurred  by  Bierens  de  Haen.  He 
thus  cites  two  cases  of  hypertrophic  cirrhosis,  associated  with  de- 
lirium tremens,  in  which  small  amounts  of  sugar  could  be  demon- 
strated in  the  urine  a  few  days  after  recovery  from  the  delirium, 
while  shortly  after,  negative  results  only  could  be  obtained.  The 
lowering  effect  of  alcoholism  upon  the  limit  to  the  assimilation  of 
glucose  is  a  well-known  phenomenon,  and  it  would  be  erroneous  to 
conclude  that,  because  alcoholism  may  call  forth  organic  changes 
in  the  liver,  the  digestive  glycosuria  in  such  cases  is  referable  to 
such  alterations.  Without  further  entering  into  the  question  at 
this  place,  it  appears  that  diseases  of  the  liver  per  se  do  not  materi- 
ally lessen  the  power  of  assimilation  of  glucose,  and  that  other 
forces  are  at  the  disposal  of  the  body  to  supply  the  glycogen-forming 
or  retaining  jwwer  of  the  liver,  when  this  becomes  insufficient,  and 
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that  these  also  mast  be  at  fault,  when  a  digestive  glycosuria  is  ob- 
sen'ed  in  association  with  hepatic  disorders. 

The  association  of  digestive  glycosuria  with  various  diseases  of  the 
nervous  system  has  l>een  carefully  studied  by  v.  Jaksch,  Strumpell, 
Strauss,  von  Oordt,  CJeelvink  and  Anidt.     From  the  work  of  these 
investigators  it  appears  that  digestive  glycosuria  is  only  rarely  seen 
in  spinal  diseases,  and  is  decidedly  more  common  in  the   functional 
diseases  of  the  central  nervous  system,  than  in  the  organic  affections. 
In  the  neuroses  a  positive  result  has  thus  been  obtained  in  42  out  of 
210  cases,  which  I  have  been  able  to  collect  from  the   literature. 
Most    frequently  it  is  met  with  in  the  traumatic  neuroses^  where 
Strauss  observed  the  phenomenon  in  37.5  per  cent,  of  his  40  cases, 
while  in  the  non-traumatic  forms  only  14.4  |>er  cent,  were  insuffici- 
ent in  this  respect.     Among  the  organic  diseases  of  the  central  ner\-- 
ous  system    it    appears  that  diffuse  cerebral   lesions,  referable   to 
alcohol  and  syphilis  are  more  likely  to  give  rise  to  this  form  of  gly- 
cosuria than  the  more  localized  lesions. 

A  digestive  glycosuria  is  further  observed  in  numerous  febrile  dis- 
eases, such  as  pneumonia,  typhoid  fever,  acute  articular  rheumatism, 
scarlatina,  tonsillitis,  etc.  The  amount  of  sugar,  which  is  usually 
found,  varies  from  0.5  to  3  per  cent.;  larger  amounts  may,  however, 
also  be  encountered,  and  one  case  is  on  record  in  which  8  per  cent, 
were  present. 

Very  common  also,  as  I  have  indicated,  is  the  digestive  glycosuria 
of  drinkers  and  there  can  be  but  little  doubt  that  the  habitual  inges- 
tion of  large  quantities  of  beer  and  spirits  will  in  the  course  of  time 
lead  to  a  more  than  temjwrary  enfeeblenient  of  the  carbohydrate 
metabolism. 

Among  the  diseases  of  the  skin,  digestive  glycosuria  is  notably 
associated  with  psoriasis,  and  it  is  interesting  to  note  that  the  same 
disease  is  not  infre(j[uently  seen  in  diiilx?tic  patients.  Gross  thus 
records  5  cases,  in  4  of  which  the  psoriasis  had  existed  for  many 
years  lx?fore  the  apj>earance  of  diabetic*  symptoms.  Similar  in- 
stances are  recorded  by  Strauss,  Grube,  Polotebuoff,  Nielssen, 
Schi'itz,  a.  o. 

During  pregnancy  digestive  glycosuria  is  also  frequently  observed, 
and  is  by  some  regarded  as  a  fairly  constant  symptom  and  one  of 
diagnostic  importance.  The  amount  is  quite  variable,  and  while 
Lanz  records  one  case  in  which  29. G  grammes  of  glucose  were  found, 
after  the  ingestion  of  100  grammes,  such  figures  are  certainly  un- 
common, and  as  a  general  rule  less  than  3  grammes  are  recovered 
from  the  urine.  After  confinement  the  power  of  assimilation  for 
glucose  no  longer  appears  to  be  subnormal. 

Of  other  pathologic  conditions  in  which  a  digestive  glycosuria 
has  been   observed    there   may  be  mentioned  :    acute  and   chronic 
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lead-poisoning,  poisoning  with  nitro-benzol,  anilin  dyes,  opium, 
atropin,  carbon  monoxide ;  further  the  febrile  form  of  embarras  gas- 
trifjue,  etc. 

In  these,  however,  the  phenomenon  has  received  but  little  atten- 
tion. Very  important,  however,  is  the  fact  that  in  diabetes  mellitus 
the  sugar  may  also  at  times  disappear  from  the  urine,  while  its  elim- 
ination is  replaced  by  an  excessive  excretion  of  uric  acid  or  phos- 
phates. In  such  cases  a  glycosuria  may  be  produced  with  ease  by 
the  ingestion  of  100  grammes  of  glucose,  a  point  which  may  be  of  con- 
siderable value  in  diagnosis.  It  is  also  important  to  note  that  the 
exhibition  of  such  amounts  of  sugar  in  true  diabetes  will  cause  an 
increased  elimination,  while  this  apparently  does  not  occur  in  other 
forms  of  glycosuria. 

Interesting  further  is  the  fact  that  in  diabetic  patients  an  increased 
elimination  of  sugar  can  be  called  forth  by  the  administration  of  full 
doses  of  copaiba.  That  this  drug  is  in  itself  capable  of  lowering  the 
limit  to  the  assimilation  of  glucose,  has  recently  been  shown  by  Bett- 
mann.  A  digestive  glycosuria  was  thus  produced  in  4  patients  out 
of  12,  to  whom  copaiba  had  been  given,  for  one  week,  in  amounts 
varying  from  1-2  grammes. 

The  digestive  glycosuria  to  which  reference  has  been  made  in  the 
alx)ve  pages,  is  generally  spoken  of  as  the  digestive  glycosuria  e  sac- 
chafo.  Similar  results  have  been  obtained  after  the  administration 
of  starches  in  excess,  viz,  150—200  grammes.  But  while  a  digestive 
glycosuria  e  saccharo  is  only  regarded  as  a  possible  indication  of  a 
pathologic  alteration  of  the  carbohydrate  metabolism,  it  is  gener- 
ally thought  that  every  ghjcosuria  ex  amylo  is  indicative  of  a  definite 
disturbance,  in  the  sense  of  diabetes,  unless  special  factors,  such  as 
an  increase  of  the  surrounding  temperature,  diminished  irradiation  of 
heat,  or  complete  lack  of  muscular  activity  are  at  play.  Strauss, 
however,  has  shown  that  in  cases  in  which  a  somewhat  more  than 
temporary  predisposition  toward  glycosuria  e  saccharo  exists,  as  in 
alcoholics,  for  example,  a  coincident  tendency  toward  glycosuria  ex 
amylo  may  likewise  be  demonstrated.  As  a  result  of  his  experiments 
he  concludes  that  the  difference  between  the  digestive  glycosuria  e 
saccharo  and  glycosuria  ex  amylo  is  essentially  a  question  of  degree. 
Ceteris  paribus  it  appears  that  harmful  influences  of  a  light  character 
lead  to  glycosuria  e  saccharo,  while  grave  insults  call  forth  glycosuria 
ex  amylo.  It  results  practically,  that  the  prognosis  in  those  cases,  in 
which  digestive  glycosuria  follows  a  temporary  insult  is  far  better, 
than  when  the  carbohydrate  metabolism  is  permanently  damaged, 
and  especially  when  a  glycosuria  ex  amylo  accompanies  a  glycosuria 
e  saccharo.  In  the  first  instance  it  is  scarcely  likely  that  true  dia- 
betes w^ill  develop  in  the  course  of  time,  while  in  the  latter  this  is  at 
least  possible. 
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Aside  from  the  digestive  form  of  glycosuria,  which  has  just  been 
considered,  and  which  is  produced  artificially,  an  idiopathic  transitory 
form  is  al?fO  known  to  occur.  A  transUory  glyoosuriay  apparently  of 
central  origin,  is  thus  noted  in  connection  with  lesions  affecting  the 
central  as  well  as  the  peripheral  nervcms  system,  such  as  tumors  and 
hemorrhages  at  the  base  of  the  brain,  lesions  of  the  floor  of  the  fourth 
ventricle,  cerebral  and  spinal  meningitis,  concussion  of  the  brain, 
fracture  of  the  cervical  vertebne,  tetanus,  sciatica ;  following  epilep- 
tic, hystero-cpileptic,  and  ajwplectic  seizures,  mental  shock  produced 
by  railroad  accidents  (traumatic  neuroses),  etc.,  mental  strain  and 
worrj',  fatigue,  and  anxiety.  Glycosuria  following  epileptic  and 
apoplectic  attacks,  however,  does  not  appear  to  be  so  common  as 
is  generally  believed,  v.  Jaksch  was  unable  to  demonstrate  the 
presence  of  sugar  in  50  recent  cases  of  hemiplegia,  and  I  have  only 
reachetl  negative  results  in  a  large  number  of  cases  of  epilepsy,  with 
urines  voided  within  the  first  few  hours  following  the  seizure. 

Siegmund    noted  a  transitory  glycosuria  in   52.38    per  cent,  of 
general  paretics,  in  7.4  per  cent,  of  epileptics,  and  in  3.77  per  cent. 
of  dementia  cases,  while  it  was  not  observed  in  any  other  mental 
diseases. 

It  is  a  well-known  fact  that  Claude  Bernard  experimentally  pro- 
duced a  transitory  glycosuria  by  puncturing  a  certain  spot  in  the 
floor  of  the  fourth  ventricle,  the  supposed  origin  of  the  hepatic 
vasomotor  nerves,  and  it  is  not  improbal)le  that  this  neurotic  form 
of  glycosuria  is  due  to  some  direct  or  reflex  influence  affecting  that 
portion  of  the  medulla. 

The  transitory  glycosuria  which  is  occasionally  observ'cd,  particu- 
larly during  convalescence,  in  acute  febrile  diseases,  such  as  typhoid 
fever,  scarlatina,  measles,  cholera,  diphtheria,  influenza,  and  especially 
malaria,  may  possibly  l)e  referable  to  the  action  of  ptomains  or 
leukomaYns  ujmju  this  centre.  Seegcn  reports  five  cases  of  malaria 
with  '*dial)etes"  in  which  both  rondifiom  disappeared  under  the  ad- 
ministration of  quinine.  In  diphtheria  glycosuria  appears  to  be  of 
common  occurrence.  Binet  thus  obtained  a  positive  result  in  29 
cases  out  of  70 ;  27  times  in  severe  infections  out  of  38,  and  twice 
in  mild  cases  out  of  32.  I  have  personally  found  a  transitory  gly- 
cosuria in  4  cases  out  of  32  ;  the  infection  in  these  was  of  moderate 
severity.     Hibl)ard  and  Morrissey  arrived  at  similar  results. 

A  glycosuria  of  toxic  origin  has  Ix^n  noted  in  cases  of  poisoning 
with  curare,  chloral  hydrate,  sulphuric  acid,  arsenic,  alcohol,  carbon 
monoxide,  morphin,  etc.,  and  even  after  simple  transfusion  of  nor- 
mal salt-solution  into  the  blood.  Phloridzin,  a  glucoside  obtained 
from  the  bark  of  the  root  of  the  apple  tree,  will  likewise  cause  sugar 
to  appear  in  the  urine.  The  glycosuria  thus  produced  is,  however, 
only  temporary  and  ceases  with  the  withdrawal  of  the  drug. 
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The  occurrence  of  a  transitory  glycosuria  under  the  conditions 
above  mentioned,  and  which  may  be  met  with  in  almost  any  disease, 
moreover,  while  interesting  from  a  theoretical  standpoint,  must,  in 
the  majority  of  instances,  be  regarded  as  a  medical  curiosity  only, 
and  it  is  but  rarely  possible  to  draw  either  diagnostic,  prognostic,  or 
therapeutic  conclusions  from  its  existence. 

A  jjersistent  form  of  glycosuria  is  noted  in  connection  with  certain 
lesions  of  the  l)rain,  especially  those  affecting  the  floor  of  the  fourth 
ventricle,  and  is  at  times  of  considerable  value  in  diagnosis. 

A  continuous  elimination  of  sugar  is  noted  principally  in  the  com- 
plex of  symptoms  to  which  the  term  diabetes  mellitu^  has  been  applied, 
and  it  is  this  condition  to  which  the  greatest  practical  and  theoretical 
interest  attaches. 

Diabetes  mellitus  is  essentially  a  persistent  form  of  glycosuria,  as- 
sociated with  the  occurrence  of  a  more  or  less  intense  polyuria  and  a 
greatly  increased  elimination  of  all  the  metabolic  products  normally 
found  in  the  urine,  with  the  exception  of  uric  acid,  which  is  usually 
present  in  diminished  amount.  In  the  more  advanced  cases  aceto- 
nuria,  lipuria,  and  lipaciduria  may  also  exist.  Diabetes,  however,  is 
not  a  persistent  form  of  glycosuria  in  an  absolute  sense  of  the  word, 
as  times  may  occur,  in  the  course  of  the  disease,  when  glucose  is  tem- 
l^orarily  absent. 

The  quantity  of  sugar  excreted  may  be  enormous,  and  180  to  360 
grammes  pro  die  may  be  quite  frequently  observed  ;  but,  as  stated 
above,  this  quantity  may  diminish  to  zero  under  various  conditions, 
such  as  the  occurrence  of  intercurrent  diseases,  but  often  also  with- 
out any  apparent  cause,  and  not  infrequently  in  the  condition  which 
has  been  termed  diabetic  coma.  Some  cases  are  also  observed  in 
which,  from  beginning  to  end,  mere  traces  are  eliminated,  the  total 
amount  of  sugar  not  exceeding  a  few  grammes,  while  the  course 
of  the  disease  rapidly  tends  toward  a  fatal  termination,  so  that  the 
severity  of  the  pathologic  process  cannot  be  measured  by  the  amount  of 
sugar  eliminated,  A  few  years  ago  I  had  occasion  to  observe  a  dia- 
betic patient  in  whom,  for  months,  a  daily  examination  of  the  urine 
never  revealed  the  presence  of  more  than  5  to  10  grammes  of  sugar, 
and  where  death  occurred  after  eighteen  months. 

At  the  same  time  it  should  l>e  remembered  that  diabetes  cannot 
be  excluded  by  one  or  even  more  negative  urinary  examinations,  and 
the  value  of  repeating  such  examinations  three  or  four  hours  after 
the  exhibition  of  100  grammes  of  glucose,  as  indicated,  cannot  be  too 
strongly  insisted  upon. 

Clinicians  are  in  the  habit  of  determining  the  severity  of  a  case,  to 
a  certain  extent  at  least,  by  the  condition  of  the  urine  under  a  diet 
free  from  starches  and  sugars,  and  generally  regard  those  cases  as  the 
more  serious,  in  which  the  glycosuria  does  not  disappear  under  a  diet 
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fA  thi.«  f1iar»!ter«  while  a  m«»n^  &v«>nitJe  prognosis  is  ^ven  if  the 
sugar  disappears.  It  «boalii  be  reffaemberedf  however,  that  there 
are  numerr^a^  exoepti^^ib*  to  this  rale,  and  that  a  light  case, — i.  ^., 
one  in  which  the  sogar  ha.-?  «]isapp«ear^  under  appropriate  dietetic 
treat nif*nt. — mar  snddenlv  exhibit  ^yiikfXoms^  seen  only  in  tlie  most 
5K:\'ere  formi?.  and  succumb  to  one  of  the  nomeioos  intercurrent  ma- 
ladien,  while  apparently  ?e\'ere  ca<e:^  may  suddenly  assume  the  more 
benign  tyjie. 

It  may  not  Ije  out  of  place  in  this  connection  to  say  a  few  words 
reganling  the  spe<riJic  gravity  of  the  urine.     While  usually  verv 
high,  \'arying  lietwe#.-n  1.030  and  iJHiO.  as  pointed  out  in  the  chap- 
ter on  Sjiecific  Gravity,  comparatively  low  figures  are  noted  at  tiroes, 
such  aM   L012,  corre^prindiiig  to  a  quantity  of  urine  not  exceeding 
],^KK)  C.C.,  and  implying,  of  course,  a  greatly  diminished  elimination 
of  ?i^ilid<>.     This  is  especially  marketi   in  thfise  cases  described  bv 
Hirschfcld,  in  which,  a<  i)ointe<l  out  in  the  chapter  on  Urea,  the  re- 
8f>rption  of  nitrrjgenoiis  material  from  the  digestive  tract  is  below  par. 
Polyuria,  a  fairly  con?!tant  symptom  of  the  more  common   ty|>es  of 
diaUftes  mellitus,  is  much  less  pronounced  in  Hirschfeld's  form,  and 
may  Ik*  altogfither  al>sent,  although  it  is  true  that  this  may  occur  in 
ordinary  diaiK,»tes  also. 

The  simultaneous  occurrence  of  glycosuria,  acetonuria,  lipuria, 
and  lipaciduria  (which  sw*)  is  probably  always  indicative  of  true 
dial>etcs. 

It  is,  <»f  course,  impossible  to  enter  here  into  a  detailed  considera- 
tion of  the  origin  of  dial)etcs.  Suffice  it  to  say  that  a  persistent 
glycorsiiria,  aside  from  nervruis  inHuonees,  may  l)e  referable,  on  the 
one  liarid,  to  an  inability  on  the  part  of  the  liver  to  transform  into 
glyeo^r(.ii  all  of  the  sii^ar  which  is  carried  to  this  orgjin,  or,  on  the 
other  liand,  to  an  inability  on  tli<*  part  of  the  nniscular  system  of  the 
body  to  iiti]iz<*  all  the  sii^ar  sent  to  it  by  the  liver,  which  may  have 
jM'rfbrnied  its  work  properly.  Accordingly,  we  may  distinguish 
U'twecii  a  hcjfftfof/rnlc  and  a  mtfof/c/iic  fHfthcffs.  As  a  matter  of  fact, 
cases  an*  seen,  usually  U'lonpn^  t<^  the  milder  form  of  the  disease,  in 
which  the  su^'ir  may  be  temporarily  caused  to  disappear  from  the 
urin*'  by  muscMilar  ex(M'eise.  On  the  other  hand,  again,  eases  are 
seen,  and  unfortunately  only  too  fre([uently,  in  which,  notwithstand- 
ing a  total  abstinence  from  carbohydrates  and  a  fr(»e  indulgence  in 
muscular  exercise,  the  sugar  does  not  disapixnir  from  the  urine.  In 
such  cases  it  is  permissible  to  speak  of  a  hepatogenic  combined  with 
a  myog<»nic  diabetes. 

Within  recent  years  it  has  been  shown  that  pancreatic  disease  is 
fnMpiently  associated  with  dialx^tes,  and  while  the  number  of  cases 
in  which  no  pancreatic*  lesions  are  discovereil  is  still  too  large  to  war- 
rant the  (conclusion  that  diseavse  of  this  organ  is  invariably  associated 
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with  glycosuria,  it  must  still  be  admitted  that  lesions  of  the  pancreas 
are  the  more  frequently  met  with  in  diabetes  the  more  closely  the 
organ  is  examined.  It  appears  to  be  certain  that  diabetes  may  be 
produced  by  pancreatic  disease.  As  to  the  manner,  however,  in 
which  such  a  result  can  occur  we  are  as  yet  in  profound  ignorance. 

Hirschfeld  pointed  out  the  fact  that,  while  in  the  majority  of 
diabetic  patients  the  proteid  food  ingested  is  quite  satisfactorily  uti- 
lized, the  assimilation  of  albumins  and  fats  is  very  much  below  par 
in  others,  and  particularly  so  in  cases  of  diabetes  associated  with 
j)ancreatic  disease.  (See  also  Urea.)  Observations  in  this  direction 
are  as  yet  very  scanty,  so  that  a  definite  opinion  cannot  be  expressed 
regarding  the  utility  in  diagnosis  of  investigations  similar  to  those  of 
Hirschfeld.  I  have  had  occasion  to  observe  a  diabetic  patient  for 
some  length  of  time,  in  whom,  notwithstanding  that  conclusions  were 
reached  similar  to  those  of  Hirschfeld,  the  existence  of  pancreatic 
disease  could  not  be  determined  post  mortem. 

Whether  or  not  a  renal  and  a  thyroigenic  diabetes  also  exists,  as 
has  recently  been  suggested,  must  still  remain  an  open  question. 

Tests  for  Sugar. — The  tests  for  sugar  usually  employed  in  the 
clinical  laboratory  depend  upon  the  following  properties  of  sugar  : 

1.  It  acts  as  a  reducing  agent  upon  certain  metallic  oxides,  such 
as  copper  and  bismuth,  in  the  presence  of  alkalies  (Fehling's,  Trom- 
mer's,  Bottger's,  and  Nylander's  tests). 

2.  Ill  the  presence  of  yeast  (saccharomyoes  cerevisise)  it  under- 
goes fermentation,  with  the  formation  of  alcohol,  carbonic  acid, 
succinic  acid,  glycerin,  and  a  number  of  other  bodies,  such  as  amyl 
alcohol,  etc.  (fermentation  test). 

3.  With  phenylhydrazin  sugar  forms  an  insoluble  crystalline  com- 
pound— phenylglucosazon. 

4.  Solutions  of  glucose  turn  the  plane  of  polarized  light  to  the 
right,  from  which  proixjrty  glucose  has  also  received  the  name 
(hwtrose. 

In  every  case  the  urine  should  first  lie  tested  for  the  presence  of 
albumin,  which  should  be  removed  by  boiling. 

Trommer's  Trst. — A  few  c.c.  of  urine  are  strongly  alkalinized 
with  sodium  hydrate  solution,  and  treated  with  a  5-per-cent.  solution 
of  sulphate  of  copper,  added  drop  by  drop,  until  the  cupric  oxide 
formed  is  no  longer  dissolved.  The  mixture  is  carefully  heated, 
when  in  the  presence  of  sugar  a  yellow  precipitate  of  cuprous  hy- 
droxide is  formed,  which  will  gradually  settle  to  the  bottom  as  a  red 
sediment  of  cuprous  oxide. 

It  is  important  to  note  that  while  sugar,  unless  present  in  mere 
traces,  can  readily  be  detected  in  this  manner,  other  substances  are 
or  may  be  present  in  the  urine,  such  as  uric  acid,  kreatin  and  krea- 
tiiiin,   allantoin,   nucleo-albumin,   milk-sugar,  pyrocatechin,  hydro- 
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chinon,  and  bile-pigment,  which  may  likewise  reduce  cupric  oxide. 
Following  the  ingestion  of  l)enzoic  acid,  salicylic  acid,  glycerin, 
chloral,  sulphonal,  etc.,  reducing  sul)stanees  also  appear.  These  may 
be  generally  disregarded,  it  is  true,  if  care  is  taken  not  to  boil  th« 
urine  after  the  addition  of  the  copper  sulphate,  as  the  precipitation  of 
cuprous  oxide  in  the  presence  of  sugar  takes  place  before  this  point 
is  reached.  Unfortunately,  however,  the  test,  when  thus  applied, 
yields  negative  results,  or  results  which  are  doubtful  if  traces  only 
are  present,  so  that  it  cannot  Ix?  utilized,  as  a  rule,  in  the  study  of 
transitory  or  digestive  glycosuria. 

Fehlixg's  Tf>^t. — This  is  a  modification  of  the  test  just  described, 
and  can  be  recommended  onlv  with  the  same  restrictions. 

Two  solutions  are  employed,  which  must  be  kept  in  separate 
bottles,  the  one  containing  34.(54  grammes  of  crystallized  copper  sul- 
phate, dissolved  in  500  c.c.  of  distilled  water,  and  the  other  173 
grammes  of  the  tartrate  of  ix>tassium  and  sodium  and  125  grammes 
of  potassium  hydrate,  dissolved  in  an  cHjual  volume  of  water.  £cjual 
l)arts  of  the  two  solutions,  mixed  in  a  test-tul)e  and  diluted  with 
four  times  as  much  water,  are  l>oiled,  when  a  small  amount  of  urine  is 
added.  In  the  presence  of  sugar  a  precipitate  of  the  yellow  hy- 
droxide of  copper  or  of  red  cuprous  oxide  will  be  produced  ;  but  care 
should  be  taken  only  to  trarm,  and  not  to  boll  the  solution  after  the  addi- 
tion of  the  urine. 

Not  infrequently  it  will  be  observed  that,  ujwn  standing,  when  no 
precipitation  has  occurred  previously,  the  blue  color  of  the  mixture 
changes  to  an  emerald-green,  while  the  solution  at  the  same  time  be- 
comes turbid.  Such  a  phenomenon  should  not  be  referred  to  the 
presence  of  sugar,  as  it  is  in  all  probability  due  to  the  action  of  other 
reducing  substiinces,  such  as  those  mentioned  al)ove. 

B'()tt(jev\^  ted  with  Xiflander'fi  modifieation, — A  few  c.c.  of  urine  are 
treated  in  the  proportion  of  11  :  1  with  A/men^s  solution.  This  is 
prepared  by  dissolving  4  granmies  of  tartrate  of  i)otassium  and  so- 
dium, 2  grammes  of  subnitrate  of  bismuth,  an<l  10  grammes  of  sodium 
hydrate  in  00  c.c.  of  water,  heating  the  solution  to  the  boiling-point 
and  filtering  upon  cooling,  when  it  should  be  kept  in  a  colored-glass 
bottle.  The  mixture  of  urine  and  Almen's  fluid  is  thoroughly  boiled, 
when  in  the  presence  of  sugar  a  grayish,  dark-brown,  and  finally  a 
black  j)recipitate,  consisting  of  bismuthous  oxide  or  of  metallic  bis- 
muth, is  obtained.  Albumin,  if  present,  must  first  be  removed,  as, 
owing  to  the  sulphur  contained  in  the  albuminous  molecule,  alkaline 
sulphides  could  be  formed  upon  boiling,  and  acting  upon  the  bismuth 
would  give  rise  to  the  formation  of  black  sulphide  of  bismuth,  which 
may  be  mistaken  for  metallic  bismuth.  Rhubarb-pigment,  as  well 
as  melanin  and  melanogen  (which  see),  and  free  sulphuretted  hydrogen 
must  also  be  absent,  as  misleading  results  will  otherwise  Ikj  obtained. 
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Xylaiider's  test,  as  that  of  Tronimer  and  Feliling,  is,  however, 
also  not  witliout  objeotioDS,  as  a  partial  rediictioQ  of  the  subnitrate 
of  bismuth  may  be  produced  by  other  substances,  such  as  kairin, 
tincture  of  eucalyptus,  turpentine,  and  large  doses  of  quinine. 

Fermextatios-test. — 'A  small  piece  of  ordinary  compressed 
yeast  is  shaken  with  some  of  the  suspected  urine  and  a  test-tube  filled 
with  the  mixture,  to  which  some  mercury  is  added.  The  tube  is 
then  inverted  into  a  vessel  containing  mercury,  and  allowed  to  stand 
in  a  warm  place  (22°-28°  C).  If  sugar  is  present,  fermentation 
will  occur  in  the  course  of  twelve  hours,  and  the  carbon  dioxide 
formed  rise  to  the  top  of  the  tube,  gradually  displacing  more  and 
more  of  the  urine  or  mercury,  as  the  amoimt  of  the  gas  increases. 
It  is  easy  to  demonstrate  that  the  gas  thus  formed  is  actually  carbon 
dioxide,  by  introducing  a  small  piece  of  caustic  soda  into  the  urine, 
when,  owing  to  absorption  of  the  carbon  dioxide,  the  liquid  will 
again  rise  in  the  tube.  Very  convenient  for  this  purpose  also  are 
the  saccharimetric  tulies  of  Einhorn  (Fig.  07)  or  Lohnstein  (Fig, 


99),  which  are  employed  as  just  described,  a  little  mercury  being 
poured  into  the  bent  limb  to  guard  against  an  escape  of  gas.  As  the 
yeast  itself,  however,  may  give  rise  to  the  formation  of  a  little  gas,  in 
the  absence  of  sugar,  it  will  always  be  well  to  make  a  control-test 
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visL  TTPrsaal  ^rs^  :  '.  *^  v>  pr^^ttr*-  i  -^SiijaT  tQbt  vith  ZK*nBftl  crixr- 
mii^  ir?t£i  T*at^  tsA  V'  !!«•:•▼  tml*  v*  «a2^i  vi  tiie  ^asm-  temper&nir^. 
If  »  yr^lrsi  nf^x  i-  TiLi:i^  r<«i£a!ji  ti>rTt  r^a  t*e  !>:•  ^^obt  at-  t->  tirr 
yr^^!fi^>.  '/  t  ffTiiKanatbi*:  r.uV>sraa«-  ra  the  lainfe.     Thi*.  h-^wrvrr. 

]ar;r^  ajxi^/aou  of  gas  are  '^-^<a;!>e»i,  aihi  if  Tpotnmer'^  te?t  alsc'  jiri'L? 
a  pp^z-itiv^r  rwsali.  it  will  be  fkirlj  aife  t  :•  rezarl  tbe  ?ab5tax>ce  prtssec: 

i^HESYLHYVHAZJS  Tf>T. — .Li  orizinallj  propTfsed  bv  V.  Jaks.?!] 
tfjfe  U«t  i%  *»fyla<rted  a-  f^r^ll-^twi  :  Six  u»  eiirtt  c-c.  of  amie  are  tr*iaTt-.2 
witfj  two  }#iiK:he-f  of  pbenylfavdrazin  hirdn:ich] orate  lO.-MXo  gramme 
aod  '/  parts  of  aoetat^  of  v.^iam  1 1  granmie  t.  and  ^nanned  until  tfar 
Miltii  Jiave  J^^n  di^sr^lved.  a  little  water  Ijeing  added  if  necessaiy. 
Tfie  tufje  Ls  phuy^fl  in  \jffAlinir  water  for  twenty  tf»  thirty  minates.  and 
then  tranijferre^l  to  a  Ijeaker.  filled  with  cold  water.  If  sugar  i- 
pff^sent  in  moderate  arn^Hjnt^.  a  bright  yellow  crystalline  depc>sit  will 
at  once  l>e  thr^^wn  down,  and  partly  adhere  to  the  sides  of  the  tuW. 
JJut  even  in  the  pn-sj^.-nr*;  of  mere  trares  a  careful  microscopic  exami- 
nation will  reveal  the  pnr-em*:  of  crystals  of  phenylglucosazon  ( Plate 
XV,),  These  are  «Kfen  singly  or  arranged  in  bundles  and  sheaves, 
f/)m\itfi^A  of  very  delir^aU;  bright-yellow  needles  which  are  insoluble 
in  water. 

Still  more  convenient  is  the  following  modification  of  the  test,  as 
MiJggesUf^l  by  Kowarisky.  P'ive  drfjj>s  of  pure  phenylhydrazin  are 
mixed,  in  a  t^rht-tiiUr,  with  ten  dmjis  of  glacial  acetic  acid,  aud  one 
fj.c.  of  a  -atiiniti'd  -ohition  (A'  rotiniKm  >alt.  A  white,  eitseous  mass 
re-iilt*-,  which  consists  ol*  ph^'iivlhydrazin  hvdrochlorate  and  sodium 
a*v'fah*.  To  this,  l>  c.c  of  iirin<;  an-  a(lde<l,  wlien  the  mixture  i> 
boih'd  for  two  iiiiniit^-s,  and  tlicn  set  aside  to  cool.  Should  more  than 
O.o  |MT  cent,  of  "Ugar  Ix*  |)n>cnt  tlic  tyj)ical  crystals  begin  to  sepa- 
rate oul  after  two  minutes  already,  and  may  he  recognized  with  the 
naked  eye.  In  the  |)resence  oi' MuaHer  amounts,  the  mixture  should 
1m'  aHowed  to  stand  for  from  I'l  to  \>i)  nn'nutes,  or  if  traces  onlv  are 
present,  for  on<'  hour. 

This  tvst,  properly  a|)|)lie<l,  is  undouhtedly  not  only  the  most  deli- 
<*ate,  hut  at.  tli<*  sam<*  time  the  most  reliable,  as  no  other  substances 
which  may  Im*  |)resent  in  the  urine,  exce|)ting  maltose  and  certain 
pentos<'s,  will  give  ris<'to  the  formation  of  an  osazon.  Hence,  when- 
ever any  doul)t  is  felt  as  to  the  nature  of  a  substance  reacting  in  a 
poMitiv<«  manner  with  tlu*  reagents  <h'scribed  above,  recourse  should 
be  had  to  this  test.  It  has  been  stated  that  maltose  forms  an  excep- 
tit»n  ;  this.  liowev(M\  will  never  become  embarrassing,  as  the  micro- 
Hi'opii'  appiMirancc  ot'  tin*  maltosazon  crystals  ditVcrs  from  that  of  the 
pht^nylglucosazon.     Tlu*    nu»lting-|>oint    ot'   phcnylglueosazon,   20o 
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C,  moreover,  is  about  15°  higher  than  that  of  the  maltosazon — 
1 90^-191°  C.  To  determine  this  point  it  is  necessary  to  filter 
off  the  osazon,  and,  after  washing  with  water,  to  dissolve  it  upon  a 
filter  by  means  of  a  little  hot  alcohol.  From  this  alcoholic  solution 
it  is  reprecipitated  by  water,  when  it  may  be  collected  and  dried  over 
sulphuric  acid.  The  melting-i)oint  is  then  determined  according  to 
the  usual  methods. 

The  pentosazons  can  be  readily  distinguished  from  glucosazon  by 
their  melting-points  (which  see). 

The  amount  of  lactose  which  may  be  found  in  the  urine,  is  far  too 
small  to  give  rise  to  the  formation  of  an  osazon,  when  the  test  is  di- 
rectly applied  to  the  urine. 

With  the  conjugate  glycuronates,  as  such,  phenyl-hydrazin  does 
not  form  any  compounds  (see  Glycuronic  acid). 

PoLARiMETRic  Test. — Glucosc  turns  the  plane  of  polarized  light 
to  the  right,  but  the  same  may  be  said  of  maltose,  the  degree  of  polar- 
ization of  which  is  even  more  intense,  so  that  it  may  be  impossible 
to  state  in  a  given  case,  whether  such  rotation  is  referable  to  a  large 
quantity  of  glucose  or  to  a  smaller  quantity  of  maltose.  The  latter 
substance,  however,  occurs  in  the  urine  but  rarely,  and  may  be  recog- 
nized not  only  by  the  microscopic  appearance  of  its  osazon,  but  also 
by  the  fact  that  its  power  of  reduction  is  increased  in  the  presence  of 
sulphuric  acid  and  by  the  application  of  heat. 

An  error  which  may  further  arise  with  the  employment  of  the 
polarimetric  method  is  referable  to  the  fact  that,  if  glucose  is 
present  in  only  small  amounts,  while  the  urine  contains  large  quan- 
tities of  /?-oxybutyric  acid,  the  latter  turning  the  plane  of  polarized 
light  to  the  left,  it  may  happen  that  the  rotation  in  this  direction 
will  neutralize  or  even  overcome  any  rotation  to  the  right  which  may 
be  due  to  glucose.  In  such  cases,  however,  the  urine  will  react  in  a 
positive  manner  with  the  other  reagents  described,  and  the  fermented 
urine  will,  moreover,  turn  the  plane  of  polarization  still  more  strongly 
to  the  left,  indicating  the  presence  of  a  dextro-rotatory  substance,  and 
in  all  probability  of  glucose. 

The  delicacy  of  this  method  varies  with  the  instrument  employed ; 
the  figures  given  below  were  obtained  with  the  apparatus  of  Lippich, 
which  yields  the  best  results. 

(For  a  description  of  this  method  see  the  Quantitative  Estimation 
of  Sugar  by  Means  of  the  Polarimeter.) 

Table  showing  the  Delicacy  of  the  Tests  Described. 


Trommer's  test 
Fehlin^s  test 
Ny lander*  8  test 
Fermentation-test  . 
Plienylhydrazin  test 
Polarimetric  test    . 


0.0025    per  cent. 
0.0008  ** 

0.025  " 

0.1-0.05  " 
0.025-0.05  " 
0.025-0.05  " 
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Table  Shoitixg  the  Behayiob  of  the  Various  Forms  of  Suqab,  which 
May  Occur  ix  the  Urine,  toward  the  Tktvs  Described. 


Glucose. 


TnMnmer'f.  viz, 
Fehling's  Te&t. 

Positive  reaction. 


Nylander's  Fermenta- 
tesM.  tioQ-tcaK. 

Pdfiiti%-e 
re«ction. 


PtieDylhydnzln 
tesL 


Folarimetrte 
test. 


I\»iUve 
reftctioD. 


Pnsitire  reactioo ;     Botetioii     toward 


Levulcee.       Positive  reaction. 


Maltose. 


Lactose. 


I'ositive  reaction. 


Positive  reaction. 


Positive 
reaction. 


Positive 
reaction. 


Positive 
reaction. 


Laiose. 


Positive  reaction    Positive 
on  boiling  only  :      reaction. 
1.2-1.8  per  cent, 
more  is  obtain- 
ed than  by  the 
polarimeter. 


Positive 
reaction. 


Positive 
reaction. 


Xo  re- 
action or 
only  a 
very  faint 
one. 


Xo     reac- 
tion. 


Melting-point 
216=  C. 

Same  osaxon  ob- 
tained as  with 
glucose,  only 
mofe  rapidly. 

A  maltosazon  is 
formed:  melting- 
point  190-191O  C. 


theiistit. 


Rotation     toward 
the  left. 


Rotation     toward 
theri^hL 


Xo  reaction  in  the    Rotation     toward 
concentration  in       the   right;  in- 


which  it  may  oc- 
cur in  the  urine ; 
melting-pc^nt 
'200°  C. 

With  phenylhy- 
drazin  a  yellow- 
ish-brown, non- 
cr>*stallizable  oil 
is  obtained. 


creased  by  boil- 
ing with  a2.5-p.- 
c.  sol  utioo  of  sal- 
pfauric  acid. 

Xo  reaction,  or  ro- 
tation  toward 
the  left. 


Clinically,  it  is  unimportant  to  search  for  minute  traces  of  sugar, 
such  as  may  be  found  in  every  normal  urine,  and  the  reader  is  re- 
ferred to  special  works  on  physiologic  chemistry  for  a  consideration 
of  the  methods  generally  employed  (See  method  of  Baumann  and  v. 
Udranszky,  p.  459). 

Qoantdtatiye  Estimation  of  Sugar. — The  methods  used  in  the 
quantitative  estimation  of  sugar  are  essentially  based  upon  the  quali- 
tative tests  described. 

Feiilixcj's  Method. — Fehling's  solution,  prepared  as  described 
alx)ve,  is  of  such  strength  that  the  copj)er,  contained  in  10  c.c,  is 
completely  reduced  by  O.Oo  gramme  of  glucose.  If  then  urine  is 
carefully  added  to  tlii?^  (luaiitity  until  compleU*  reduction  takes  place, 
the  amount  of  sugar  coutaiued  in  a  given  specimen  of  urine  can  be 
readily  calculated  according  to  the  following  equation  : 


V  ;  O.Uo  :  :  1(K) 


X,  and  X 


V 


in  which  y  indicates  the  number  of  c.c.  of  urine  required  to  reduce 
the  10  c.c.  of  Fehling's  solution,  and  .x  the  amount  of  sugar  con- 
tiiined  in  100  c.c.  of  urine. 

As  the  best  results  are  only  obtained  if  from  o  to  10  c.c.  of  urine 
are  used  in  one  titration,  it  is  usually  neeossary  to  dilute  the  urine 
to  the  required  degree ;  in  the  determination  of  this  point  the  specific 
gnivity  may  serve  as  a  guide.  As  a  general  rule,  urines  of  a  specific 
gravity  of  l.o;iO  should  be  diluted  five  times,  and  if  the  density  is 
still   higher,  ten    times.     To  be  certain   that   the   i)roj)er  degree  of 
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dilution  has  been  reached,  5  c.c.  of  Fehling's  solution  are  treated  with 
1  c.c.  of  the  diluted  urine,  a  little  caustic  soda  solution  and  distilled 
water  being  added  to  make  in  all  about  25  c.c.  This  mixture  is 
thoroughly  boiled ;  if  the  fluid  still  remains  blue  another  1  c.c.  of 
dikited  urine  is  added,  and  so  on,  until  the  last  two  tests  differ  by 
1  c.c.  of  urine,  the  last  c.c.  added  causing  a  separation  of  cuprous 
oxide.  In  this  manner  the  percentage  of  sugar  may  be  approxi- 
mately determined.  Albumin,  if  present,  must  first  be  removed  by 
boiling. 

Ten  c.c.  of  Fehling's  solution,  diluted  with  40  c.c.  of  water,  are 
placed  in  a  porcelain  dish  and  boiled.  While  boiling,  the  diluted 
urine  is  added  from  a  burette,  0.5  c.c.  at  a  time,  when,  as  a  rule,  the 
precipitated  cuprous  oxide  will  rapidly  settle,  so  that  gradually  a 
white  bottom  may  be  seen  through  the  blue  field,  the  color  of  which 
becomes  less  and  less  intense  upon  the  further  addition  of  urine 
until,  finally,  the  solution  is  almost  colorless.  When  this  point  is 
reached  the  urine  is  added  only  drop  by  drop,  until  the  decoloriza- 
tion  is  complete.  The  degree  of  dilution  multiplied  by  5  and  the 
result  divided  by  the  number  of  c.c.  of  diluted  urine  employed  will 
then  indicate  the  percentage-amount  of  sugar.  In  the  following  table 
the  percentage  results  corresponding  to  the  number  of  c.c.  of  undi- 
luted urine  employed  will  be  found  : 

Sugar. — Quantity  of  Olucode  pro  litrCy  corresponding  to  the  number  of  cubic  centimetres 
used  for  the  complete  reduction  of  10  cubic  centimetres  of  Fehlintfs  solution. 


1 

fiO.OO 

Vio 

2/ 
/lO 

41.68 

Vio 

38.46 

^10     ' 
35.70 

33.32 

Vio 

31.iM 

29.40 

VlO 

Vio 

1 

45.44 

27.76 

26.30 

•> 

25.00 

23.80 

22.72 

21.72 

20.84 

20.00 

19.-22 

18.50 

17.84 

17.24 

3 

16.66 

16.00 

15.62 

15.14 

14.15 

14.28 

13.88 

13.50 

13.14 

12.82 

4 

12..'J0 

12.18 

11.90 

11.62 

11.36 

11.10 

10.86 

10.62 

10.40 

10.20 

5 

10.00 

9.80 

9.60 

9.42 

9.24 

9.08 

8.92 

8.76 

8.62 

8.50 

6 

8.32 

8.18 

8.06 

7.92 

7.80 

7.68 

7.56 

7.44 

7.M 

l.'H 

7 

7.14 

7.04 

6.94 

6.86 

6.78 

6.66 

6.56 

6.48 

6.40 

6.82 

8 

6.'24 

6.16 

6.08 

6.02 

5.94 

5.88 

5.80 

5.74 

5.68 

5.60 

9 

5.M 

5.48 

5.42 

5.36 

5.30 

5.24 

5.20 

5.16 

5.12 

5.06 

10 

5.00 

4.94 

4.90 

4.82 

4.78 

4.76 

4.70 

4.66 

4.62 

4.58 

11 

4.54 

4.50 

4.46 

4.42 

4.38 

4.W 

4.30 

4.26 

4.'22 

4.20 

12 

4.16 

4.14 

4.12 

4.08 

4.04 

4.00 

3.98 

3.96 

3.92 

3.86 

13 

3.W 

3.80 

3.78 

3.76 

3.74 

3.70 

3.68 

3.66 

3.62 

3.58 

14 

3.56 

3.M 

3..52 

3.48 

3.46 

3.44 

3.42 

3.40 

3.36 

SM 

1') 

3.32 

3.32 

3.28 

3.26 

3.24 

3.>2 

3.20 

3.18 

3.16 

3.14 

ir, 

3.12 

3.10 

3.08 

3.04 

3.04 

3.02 

3.00 

2.98 

2.96 

2M 

17 

2.92 

2.90 

2.88 

2.86 

2.M 

2.82 

2.82 

2.80 

2.78 

18 

2.76 

2.76 

2.74 

2.72 

2.70 

2.70 

2.t]S 

2.64 

2.64 

2.&4 

19 

2.62 

2.62 

2.60 

2.60 

2.58 

2.56 

2.56 

2.54 

2.52 

2.52 

•JO 

2..'i0 

2.50 

2.48 

2.48 

2.44 

2.42 

2.42 

2.40 

2.40 

2.38 

21 

2..38 

2.:v> 

2.M 

2..32 

2.32 

2.:«) 

2.30 

2.28 

2.28 

22 

2.26 

2.26 

2.24 

2.'^4 

2  22 

2.22 

2.20 

2.20 

2.18 

2.18 

2:? 

2.16 

2.16 

2.14 

2.14 

2.V2 

2.12 

2.12 

2.10 

2.10 

2.10 

21 

2  08 

2.08 

2.06 

2.06 

2.06 

2.04 

2.04 

2.02 

2.02 

2.02 

•2.') 

2.00 

1.98 

1.98 

1.9t) 

1.96 

1.96 

i.m 

l.»4 

1.92 

1.92 

26 

1.92 

1.92 

1.90 

1.90 

1.88 

1.88 

1.88 

1.86 

1.86 

1.86 

27 

1.84 

1.82 

1.82 

1.82 

1.82 

1.80 

1.80 

1.80 

1.80 

1.80 

28 

1.78 

1.76 

1.74 

1.74 

1.74 

1.74 

1.74 

1.74 

1.74 

1.72 

29 

1.72 

1.70 

1.70 

1.70 

1.70 

1.68 

1.68 

1.68 

1.68 

1.66 

30 

1.66 

1.66 

l.(i5 

1.64 

1.63 

1.62 

1.62 

1.62 

1.62 

1.62 
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Unfortunately,  it  is  difficult,  as  a  general  rule,  to  determine  the 
]K>int  exactly,  when  all  the  copper  has  been  reduced  ;  t.  e,,  the  point 
at  which  the  blue  color  ha<  entirely  disappeared.  When  it  is  thought 
that  this  lias  been  reached,  about  1  c.c.  should  be  filtered  throu^ 
thick  Swedisli  lilter-paper,  and  the  filtrate,  which  must  be  absolutely 
clear,  acidified  with  acetic  acid  and  treated  with  a  drop  or  two  of  a 
solution  of  i)otassiuni  ferrocyanide.  If  unreduced  copper  is  still 
present  in  the  solution,  a  brown  color  will  result,  incUcating  that 
sufficient  urine  has  not  been  added.  But  if,  on  the  other  hand,  no 
brown  discoloration  is  noted,  it  is  ])ussible  that  the  desired  point  has 
already  been  passed,  when  the  titration  should  be  repeated.  At 
times  the  precipitate  will  not  settle  at  all,  and  even  pass  through  the 
filter,  so  that  it  is  practically  impossible  to  determine  the  end  of  the 
reaction.  In  such  cases  the  following  procedure,  suggested  by  Cause, 
will  be  found  of  value  : 

Ten  c.c.  of  Fehling's  solution  are  diluted  with  20  c.c.  of  distilled 
water  and  treated  with  4  c.c.  of  a  .>\,-per-cent.  solution  of  potassium 
ferrocyanide.  While  boiling,  the  9iluted  urine  is  now  added  drop 
by  drop,  until  the  blue  color  has  entirely  disappeared.  A  precipitate 
does  not  ap|)car  at  all  with  this  method. 

In  order  to  obtain  reliable  results,  however,  the  Fehling's  solution 
must  be  prepared  with  great  care  and  its  strength  determined.  This 
may  be  done  in  the  following  manner :  0.2375  gramme  of  pure 
crystallized  cane-sugar,  dried  at  100°  C,  is  dissolved  in  40  c.c.  of 
distilled  water,  to  which  22  drops  of  a  ^^^-per-cent.  solution  of  sul- 
phuric acid  have  been  added.  This  solution  is  kept  on  the  boiling 
water-bath  for  an  hour,  when  it  is  allowed  to  cool  and  diluted  to 
100  c.c.  with  distilled  water.  Twentv  c.c.  of  this  solution  will  then 
contain  exactly  0.05  gramme  of  glucose,  corresponding  to  10  c.c.  of 
Fehling's  solution,  if  this  is  of  the  required  strength.  If  too  strong, 
so  that  21  c.c.  of  the  sugar  solution,  for  example,  are  required  to 
obtain  a  complete  reduction  of  the  copper,  the  strength  of  Fehling's 
solution  may  Ix*  determined  ac(*ording  to  the  equation  :  20  :  0.05  :  : 
21  :  X,  and  x  =  0.0525.  If  too  weak,  on  the  other  hand,  so  that 
11)  c.c,  for  example,  are  require<l,  its  strength  is  similarly  deter- 
mined :   20  :  0.05  :  :  II)  :  x,  and  x  =  0.0475. 

The  following  method,  suggested  by  Knapp,  is  said  to  be  l^etter 
than  that  of  Fehling,  as  daylight  is  not  necessary,  as  it  is  applicable 
even  in  eases  in  which  the  amount  of  sugar  is  small,  as  the  solution 
keeps  for  a  long  while,  and  lus  it  is  simpler. 

The  princij)le  of  the  method  di'peiuls  upon  the  observation  that 
the  cyanide  of  mercury  in  alkaline  solutions  is  reduced  to  metallic 
mercury  iu  the  presence  of  sugar.  The  solution  which  is  required 
should  contain  10  grammes  of  chemically  jiure,  dry  cyanide  of  mer- 
cury and  100  c.c.  of  a  solution  of  sodium  hydrate  (^sp.  gr.  1.145)  to 
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the  litre.  Twenty  c.c.  of  this  solution  correspond  to  0.05  gramme 
of  glucose. 

KxAPi»\s  Method. — Twenty  c.c.  of  the  solution  are  placed  in  a 
small  retort  and  diluted  with  80  c.c.  of  water.  If  we  have  reason 
to  suppose  that  the  urine  contains  less  than  0.5  per  cent,  of  sugar, 
40  to  GO  c.c.  are  suflBcient.  The  solution  is  then  heated  to  the  boil- 
ing-i)oint,  when  the  diluted  urine  (see  below)  is  added,  at  first  2  c.c. 
at  a  time,  then  1  c.c,  0.5  c.c,  0.2  c.c,  and  0.1  c.c,  as  the  final 
point  is  approached.  After  every  addition  the  solution  is  boiled  for 
one-half  minute.  As  the  end-reaction  is  approached  the  solution 
begins  to  become  clear,  and  the  mercury,  together  with  the  phos- 
phates, settles  to  the  bottom.  The  final  point  is  determined  by  plac- 
ing a  drop  of  the  supernatant  fluid  upon  a  piece  of  clean,  white 
Swedish  filter-paper,  and  holding  this  first  over  a  bottle  containing 
concentrated  hydrochloric  acid  and  then  over  one  containing  a  satu- 
rated solution  of  sulphuretted  hydrogen.  If  all  the  cyanide  of  mer- 
cury has  not  been  reduced,  a  yellow  spot  will  result,  the  color  of 
which  becomes  the  more  manifest,  if  it  is  compared  with  one  which 
has  not  been  exposed  to  the  action  of  the  sulphuretted  hydrogen.  As 
soon  as  the  mercury  has  been  entirely  reduced,  the  reading  is  taken. 

Example  :  Supposing  that  15  c.c.  of  urine  have  been  required,  the 
corresponding  amount  of  sugar  is  then  found  according  to  the  fol- 
lowing equation,  20  c.c  of  Knapp's  solution  requiring  0.05  gramme 
of  sugar  for  its  reduction  : 

15  :  0.05  :  :  100  X  ;  16  x  =  6,  and  x  =  0.333  percent. 

Precautions  : — 1.  Albumin  must  first  be  removed. 

2.  The  urine  should  not  contain  more  than  0.5  to  1  per  cent,  of 
sugar.  The  urine  is  hence  diluted,  if  necessary,  as  with  Fehling's 
method. 

Differential  Density  Method. — This  method  is  very  useful 
in  clinical  work,  and  should  be  preferred  to  the  more  uncertain  titra- 
tion with  Fehling's  solution,  unless  considerable  experience  has  been 
acquired  with  the  method. 

The  specific  gravity  of  the  urine  is  accurately  ascertained  by 
means  of  a  pyknometer,  or  a  hydrometer  graduated  to  the  fourth 
decimal  and  provided  with  a  thermometer  indicating  tenths  of  a 
degree.  The  temi>erature  at  which  the  specific  gravity  is  taken 
should  be  that  for  which  the  hydrometer  has  been  constructed,  the 
urine  being  heated  or  cooled  to  the  desired  degree.  100  to  200  c.c 
are  then  set  aside  in  a  flask,  afler  the  addition  of  some  yeast,  which 
has  been  washed  free  from  mineral  material,  loosely  stoppered  or 
provided  with  an  arrangement  like  the  one  shown  in  the  accompany- 
ing figure  (Fig.  98).  After  twenty-four  hours,  if  but  little  sugar  is 
present,  or  forty-eight  hours,  if  there  is  much,  the  specific  gravity  is 
27 
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again  dotomiioed  under  the  precautions  gi^'ci)|  bUbt  having  filtered 
the  urine.  The  difference  in  the  specific  gravity  is  then  multiplied 
by  2:}0,  an  empirical  factor  which  has  been  found  by  dividing  the 
amount  of  sugar  a.scertained  by  titration  or  polarization  with  the 
difference  ia  tlie  density  of  tlie  urine  after  fermentation.  The  result 
indicates  the  percentage  of  sugar.  The  process  may  be  hastened, 
if  to  every  100  c.c.  of  urine,  2  grammes  of  tartrate  of  potassium 
and  scKliuni  and  2  grammes  of  diacid-sodium  phosphate  are  added, 
with  10  grammes  of  compressed  yeast,  and  the  mixture  ia  allowed 
to  stand  at  a  temperature  of  from  30°  to  34°  C.  If  but  little  sugar 
is  present,  two  to  three  hours  will  bo  sufficient. 

That  portion  of  the  urine,  in  which  the  specific  gravity  is  deter- 
mined before  fermentation,  should  really  be  treated  in  the  same  man- 
ner. It  will  suffice,  however,  to  add  0.022  to  the  specific  gravity 
foimd,  to  make  up  for  the  increase  that  would  otherwise  be  obserx'ed 
in  the  second  .■specimen,  owing  to  the  addition  of  the  salts. 

In  cverj-  ease  the  urine  must  be  ]»erfectly  fresh,  as  fermentation 
generally  begins  si>ontaneously,  even  after  standing  a  short  time. 

Eixhorn's  Mftthod. — This  will  answer  very  well  for   ordinary 
puqwses.     Two  C8i»ecially  constructed  and  graduated  saccharimetric 
tubes  (Fig.  97)  are  used,  one  of  which  is  filled 
~      ""  with   a  mi.xture  of  the  suspected  urine  and 

yeast,  tmd  the  other  with  normal  urine  and 
yeast,  a.«  a  control.  The  tubes  are  then  set 
aside  at  a  temperature  of  from  30°  to  34°  C, 
when  the  jK>rcent age-amount  of  sugar  in  the 
urine  is  n'ad  off"  from  the  column  of  the  car- 
Iwm  dioxide  formed.  Should  the  second  tube 
also  show  a  small  amount  of  gas,  the  figure 
(iirrCiiiMinding  lo  this  amount  is  dwlucted  from 
the  first. 

IjOHN^TKrvV  Mktmod. — A  very  conveni- 
eut  niiidiliratiou  of  Einhorn's  Instniment,  and 
one  fiimisliing  more  accurate  results,  has  been 
intrcHhiced  of  hitc  by  Lohnstein.  As  will 
!«■  seen  Iroiii  tlic  accompanying  figure  (Fig. 
vii;kf..rn«ai.i.r"iiruB<or.-   !»!))  this  is  essentially  ii  U-tubc,  Open  at  both 

".'"""""■I'jI'^^'i!?  ''' """   ''"t's-      The  lont.^r  limh  is  closed  during   (he 

prwcss  of  fcnncntation  by  a  ground-glass 
stiip|»er.  This  stopjicr  is  provided  with  an  air-hole  to  which  a 
similar  hole  corresjMJuds  in  tlic  drtiwn-out  portion  of  the  tube.  The 
apparatus  is  tilled  with  the  urine  to  he  exanlM|^^wig^  the  bulb 
"A,"  while  tlie  two  air-liolcs  are  I'omm"-^'^^^"''''*^'*"**'  other. 
Care  should  be  had  that  the  liquid  stai  '  ^'     . 

The  stop|>er  is  then   turned  so  that  all  i 
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air  nnd  the  unue  is  cut  off.  A  little  mercury  is  finally  pouretl  into 
the  sacchnrl meter,  when  the  instrument  is  plnced  in  a  vessel  con- 
taining water  of  35°— 40°  C,  and  main-  e,,_  ^ 
tained  at  a  temperature  of  about  30°  C, 
After  twelve  hours  the  percentage  of  sugar 
is  read  off  directly. 

Precautions  :  1.  As  every  urine  contains 
traces  of  free  carbon  dioxide,  it  is  well  to 
remove  this  by  boiling,  if  we  have  reason 
to  suppose  that  only  a  small  amount  of    I 
sugar  is  present.     Before  adding  the  yeast,    I 
it  is  of  course  cooled  again  to  the  surround-    i 
ing  temperature.  I 

2.  As  the  instrument  only  yields  satis-    I 
factory  results,  if  the  urine  contains  less    ] 
than  1,0  per  cent,  of  sugar,  it  is  necessary    i 
to   dilute    it   with   water,   when   more   is 
present.      The  specific  gravity  may   here 
serve  as  an  index ;  urines  of  a  sp.  gr.  up 
to    1.018    are   examined    directly;    from 
1.018-1.022  they  are  diluted  twice,  from 
1.022—1.028  five  times,  and  those  above 
1.028  ten  times. 

3.  A  test-tube,  provided  with  the  neces- 
sary marlcs  for  diluting  the  urine,  accom- 
panies the  instrument.      In  every  case  a 
small  globule  of  yeast,  approximately  6—8  mi 
to  the  urine  and  shaken  in  the  tube,  until  i 
been  reached.' 

POLAiuMETRic  Method. — For  this  purpose  the  soccharimeter  of 
Soleii-A'entzkc  is  very  convenient  (Fig.  100).  This  consists  essen- 
tially of  a  Nicol's  prism,  n,  which  may  be  rotated  about  the  axis  of 
the  apparatus;  a  second  Nicol's  prism  at  (/;  vertically  placed  com- 
pensating prisms,  consisting  of  dextro-rotatory  quartz  at  e,  which 
may  be  moved  horizontally  by  means  of  a  rack-and-pinion  adjust- 
ment, turned  by  a  milled  head  at  i,  so  that  light  can  pass  through 
a  thicker  or  thinner  layer  of  the  dextro-rotatory  quartz.  At  / 
there  is  a  plate  of  gyro-rotatory  quartz  cut  perpendicularly  to  the 
optical  axis,  and  covering  the  entire  field  of  vision  ;  at  h  biquartz 
plates  of  Soleil,  and  at  t  an  Iceland-spar  crystal ;  b  c  represents  a 
small  telescope,  by  means  of  which  the  biquartz  plates  can  be  ac- 
onrately  focused.  When  the  compensation-prisms  of  this  apimratus 
t  .ana  jn  n  Certain  position,  the  gyro-rotation  of  the  plate  /  will  be  ex- 

in«tdn'B  ncchnri meter  mav  be  prorured  from  R.  Kallmejer  &  Co.,  Oranien- 
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fif.'ld  of  vi-ion.  If  n*.\v.  witli  a  z<'n»-|K»sition,  an  optically  active 
fK'Xtm-  or  gyro-rotaton*  -uh-stanf^r-  is  interjx>sed,  the  color  of  each 
half  of  th<*  iu'hl  of  vi-ion  will  lur-onio  alttTcd,  l»ut  may  be  equalized 
a^iin  liv  fhanging  tlio  jK^-ition  of  the  coinjH^nsators,  the  degree  of 
fhanjrf  riC'C«fs>ary  to  phkIik-o  thi>  result  constituting  an  index  of  the 
pf>\ver  r>f  rotation  of  the  solution  interposed  in  the  tul>e  m. 

S»l(fil-VentzkeV  a|)paratus  is  con>tnicte<l  in  such  a  manner,  that, 
if  a  solution  of  glueosr*  is  employed,  the  length  of  the  tube  m  being 
10  em.,  evrry  entire  line  of  division  on  the  scale  will  indicate  1  per 
cent,  of  sugar. 

The  tulM!  of  the  sae<'harimeter  should  Ik;  carefully  wjished  out  with 
<listille<l  wat<*r,  and  at  least  once  or  twice  with  the  filtered  urine, 
wIh'U  it  is  plaee<l  on  end  u|M)n  a  flat  surface,  and  filled  with  the  urine, 
such  that  this  forms  a  convex  cup  at  the  end.  The  little  glass 
plat<'  is  now  carefully  adjusted,  so  as  to  guard  against  the  admission 
of  bubbles  of  air.  The  metallic  caj)  is  then  placed  in  position,  care 
being  taken  to  avoi<l  undue  j)rcssurc.  Tlu'  examinations  are  made 
in  a  dark  room  ;  an  ordinary  himp  is  used,  and  several  readings  are 
taken,  mitil  the  differences  do  not  amount  io  more  than  one-tenth  or 


THE  CHEMISTRY  OF  THE  URINE.  421 

two-tenths  per  cent.     The  tubes  should  be  thoroughly  cleansed  im- 
mediately after  the  experiment. 

In  every  case  the  filtered  urine  should  be  free  from  albumin,  and, 
if  markedly  colored,  previously  treated  with  neutral  acetate  of  lead 
in  substance  and  filtered. 

If  it  is  desired  to  demonstrate  only  the  presence  of  sugar,  the  com- 
pensators are  first  brought  to  the  zero-position.  If  now,  upon  the 
interposition  of  the  tube  filled  with  urine,  a  difference  in  the  color  of 
the  two  halves  of  the  field  of  vision  is  noted,  the  presence  of  an  op- 
tically active  substance  in  the  urine  may  be  assumed,  and  if  the  devi- 
ation is  at  the  same  time  to  the  right,  the  presence  of  glucose  is  ren- 
dered highly  probable,  while  a  deviation  to  the  left  will  generally 
be  referable  to  levulose  or  ^-oxybutyric  acid.  Indican,  peptones, 
cholesterin,  and  certain  alkaloids,  it  is  true,  also  turn  the  plane  of 
polarization  to  the  left,  but  as  a  rule  these  substances  need  not  be 
considered,  as  cholesterin  occurs  but  rarely,  and  indican  is  usually 
present  in  only  small  amounts  in  diabetic  urines ;  a  concurrence  of 
sugar  and  peptones,  moreover,  has  not  as  yet  been  observed.  Lactose 
and  maltose,  which  also  turn  the  plane  of  polarization  to  the  right, 
may  be  distinguished  from  each  other  and  from  glucose  by  the 
phenylhydrazin  test.  Levulose  turns  the  plane  of  polarization  to  the 
left.  Oxybutyric  acid  is  practically  always  associated  with  the  pres- 
ence of  glucose,  and  may  be  recognized  by  allowing  the  urine  to  un- 
dergo fermentation,  when  the  filtered  urine  will  become  distinctly 
gyro-rotatory. 

Bremer's  Diabetic-Urine  Test. — The  test  is  based  upon  the 
different  lx»havior  toward  certain  anilin  dyes  of  diabetic,  as  compared 
with  non-diabetic  urine.  If  a  trace  of  a  mixture  of  2  parts  of  eosin 
and  3  parts  of  gentian-violet,  for  example,  is  added  to  non-diabetic 
urine,  it  will  be  observed  that  the  urine  gradually  dissolves  the  eosin 
and  assumes  a  yellowish  or  bright  red  color,  while  the  gentian- violet 
fails  to  dissolve.  If  diabetic  urine,  on  the  other  hand,  is  treated  in 
the  same  manner  the  eosin  will  likewise  dissolve,  but  a  dissolution  of 
the  gentian-violet  also  occurs,  and  the  entire  specimen  eventually 
assumes  a  violet  color. 

Of  late  Bremer  has  advised  the  use  of  Merck's  gentian-violet  B,  or 
of  methyl-violet  5B.  The  test  is  extremely  simple  :  Two  well-dried 
test-tubes  are  filled  to  about  one-half,  the  one  with  normal  urine  and 
the  other  with  the  urine  to  be  examined.  About  0.5  mgrm.  of  either 
of  the  alx>ve  reagents  is  then  placed  upon  the  surface  of  the  urine,  when 
the  tubes  are  set  aside  in  a  warm  place,  or  immersed  in  warm  water. 
On  standing  it  will  be  observed  that  strands  of  blue  gradually  appear 
in  both  specimens,  but  that  the  color  disappears  again  in  the  normal 
specimen,  on  shaking,  while  in  the  diabetic  urine  the  entire  fluid 
assumes  a  blue  or  violet  color.     A  reddish-purplish  color  is  often 
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observed  in  non-diabetic  specimens,  but  is  of  no  significance.  Bremer 
admits  tliat  doubtful  results  mav  be  obtained  with  urines  presenting 
an  abnormally  low  specific  gravity,  viz,  below  1.014  or  1.01 5^  and 
that  in  such  cases  it  may  be  impossible  to  distinguish  Don-diabetie 
from  diabetic  urine.  He  claims,  on  the  other  hand,  that  a  |X)8itive 
result  with  a  urine  of  high  specific  gravity  is  pathognomonic  of  dia- 
betes, and  that  this  may  be  obtained  even  at  a  time  when  the  sugar 
has  temporarily  disappeared  from  the  urine. 

The  substance  which  gives  rise  to  this  {peculiar  reaction  is  as  yet 
unknown.  Sugar  in  itself,  as  also  acetone  and  diacetic  acid,  are  not 
concemiHl  in  its  production.  The  reaction  of  the  urine  also  is  unim- 
portant. Bremer  is  inclined  to  believe  that  in  non-diabetic  urines 
one  of  the  coloring  principles  helps  to  render  the  urine  refractory. 
As  he  says,  the  colorless  diabetic  urines  yield  the  most  striking  color 
reactions,  and  especially  those  in  which  a  greenish  shimmer  is  a{>- 
parent. 

On  the  whole,  Bremer's  observations  have  been  confirmed,  so  fiur 
as  diabetic  urine  is  concerned.  Exceptions,  however,  occasionally 
occur  even  in  cases  of  true  diabetes,  and,  as  Bremer  admits,  positive 
results  are  frequently  observed  in  urines  of  a  low  specific  gravity. 

The  test  is  of  interest  and  may  {x>ssibly  be  further  modified,  so  as 
to  be  of  sj>ecific  value  in  diagnosis,  but  as  yet  it  would  scarcely  be 
warrantable  to  draw  definite  conclusions  from  its  occurrence,  even 
when  the  specific  gravity  is  high. 

Lactose. — Lactose  may  be  found  in  the  urine  toward  the  end  of 
gestation,  but  more  esi)ecially  in  nursing- women  in  whom  the  flow 
of  milk  is  impeded,  owing  to  the  existence  of  mastitis,  for  example. 
It  lias  also  been  stated  that  lactor?uria  occurs  in  nursing- women  who 
have  well-developed  breasts,  in  the  absence  of  any  obstruction,  and 
that  the  r/ood  (juanfii\*<  of  a  wet-nurse  are  indicated  by  a  copious  and 
persistent  elimination  of  milk-sugar.  Its  presence  may  be  inferred 
if  a  positive  result  is  obtained  with  TroninuT's  and  Nylander^s  tests, 
while  the  j)henylhydrazin  and  fermentation-tests  give  negative  re- 
sults, although  an  osazon  can  l>e  obtained  from  the  pure  substance, 
and  although  this  undergoes  a  certain  form  of  alcoholic  fermentation. 

Leniaire,  who  has  recently  investigated  this  subject,  found  that 
the  urine  of  nineteen  women,  examined  in  this  direction,  apparently 
contained  no  sugar  during  the  last  twelve  days  preceding  confine- 
ment (Troninier's  and  Xylander\s  test),  while  a  positive  reaction  was 
obtained  with  Tronimer's  reagent  in  two  cases,  and  with  Xylander's 
reagent  in  thirteen  eases  after  confinement.  The  phenylhydrazin 
test  was  negative  in  all  nineteen  before  and  jK)sitive  after  confine- 
ment, trltrti  (his  ints  illnctlji  applial  /o  fJic  fnihsfdnce,  isolated  accord inff 
to  B(nnn(nni\s  method.  The  percentage  varied  between  0.018  and 
0.438  per  cent.,  and  appeared  to  be  uninHueneed  by  the  act  of  nursing. 


THE  CHEMISTRY  OF  THE  URINE.  423 

Levulose. — Levulose  is  occasionally  found  in  diabetic  urines  to- 
gether with  glucose.  Its  presence  is  often  indicated  by  the  fact  that 
a  polar imetric  examination  shows  a  deviation  to  the  left  or  none  at 
all,  while  the  other  tests  for  sugar  indicate  the  presence  of  a  reducing 
substance. 

Maltose. — Maltose  together  with  glucose  was  found  in  the  urine 
of  a  patient,  supposedly  the  subject  of  pancreatic  disease,  associated 
with  an  acholic  condition  of  the  stools.  Its  recognition  is  practically 
dependent  upon  the  formation  of  its  osazon  and  a  determination  of 
the  melting-point  of  the  latter. 

Dextrin. — In  one  case  of  diabetes  dextrin  apjieared  to  take  the 
place  of  glucose.  It  may  be  recognized  by  the  fact  that  upon  the 
application  of  Fehling's  test  the  blue  liquid  first  becomes  green, 
then  vellow  and  sometimes  dark  brown. 

Laiose. — Laiose  occurs  at  times  in  the  urine  of  diabetic  patients. 
It  is  essentially  characterized  by  the  fact  that  by  titration  with 
Fehling's  solution  from  1.2  to  1.8  per  cent,  more  sugar  is  indicated 
than  by  the  polarimetric  method. 

Pentoses. — To  judge  from  recent  observations,  traces  of  pentoses, 
viz,  xylose,  arabinose,  and  rhamnose,  may  be  found  in  every  urine, 
larger  quantities  were  first  observed  by  Salkowski  and  Jastrowitz 
in  the  urine  of  a  morphin  habitu6  where  the  pentosuria  alternated 
with  glycosuria.  A  similar  case  was  reported  by  Reale ;  and  Kiilz 
and  Vogel  found  large  quantities  in  diabetes.  A  digestive  pento- 
suria has  also  been  described.  Such  urines  reduce  Fehling^s  solu- 
tion, and  give  rise  to  the  formation  of  an  osazon  when  treated  with 
phenylhydrazin.  The  osazon,  however,  can  be  readily  distinguished 
from  that  obtained  from  glucose,  maltose,  or  lactose,  etc.,  by  the 
melting-point.  The  fermentation-test  is  negative.  Arabinose  and 
rhamnose  turn  the  plane  of  polarization  to  the  right,  while  xylose 
remains  indiflTerent.  When  present  in  notable  amounts  they  are 
readily  detected  with  ToUen^^  orcin-rear/eiit. 

To  this  end  orcin  is  dissolved  in  5  to  6  c.c.  of  concentrated  hydro- 
chloric acid  by  the  aid  of  heat,  so  that  a  slight  excess  is  present. 
This  solution  is  divided  into  two  equal  parts  and  allowed  to  cool. 
To  one  portion  0.5  c.c.  of  the  urine  to  be  examined  is  added,  and 
to  the  other  an  equal  amount  of  normal  urine  of  the  same  si)ecific 
gravity.  Both  specimens  are  placed  in  a  beaker  containing  boiling 
water,  when  in  the  presence  of  pentoses  a  green  color  will  first  be 
observed  at  the  top,  which  gradually  extends  throughout  the  mix- 
ture, while  the  normal  sj)ecimen  scarcely  changes  in  color.  In  the 
presence  of  0.1  per  cent,  a  positive  reaction  is  still  obtained,  which 
is  especially  marked  if  the  urine  has  beeu  previously  decolorized 
with  animal  charcoal. 

Tolien^s  phloroglucin  testy  in  which  phloroglucin  is  substituted  for 
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the  orcin,  and  in  which  a  deep  red  color  is  obtained  in  the  presence 
of  pentoses,  may  also  be  used,  but  indicates  the  presence  of  glyeuro- 
nates  as  well. 

Animal  Gum. — Animal  gum,  according  to  modem  researches,  is 
a  constant  constituent  of  normal  urine,  but  of  no  clinical  interest. 

Inosit. — Inosit  does  not  occur  normally  in  the  urine,  but  mav  be 
demonstrated  after  the  ingestion  of  large  amounts  of  water.  Patho- 
logically it  has  been  found  in  cases  of  diabetes  insipidus  and  in 
albuminuria. 

Still  other  carbohydrates  are  supiK)sed  to  occur  in  the  urine  under 
various  pathologic  conditions,  but  nothing  is  known  of  their  true 
nature  that  is  definite,  and  it  is  questionable,  indeed,  whether  they 
are  carbohydrates.     Ewald  thus  relates  of  the  urine  of  a  diabetic 
patient,  which  reduced  Fehling's  and  Nylander's    solution,   which 
formed  an  osazon  and  underwent  fermentation,  while  the  polari- 
metric  test  was  negative,  and  a  pentose  reaction  could  be  obtained. 
Strauss  further  states  that  after  the  ingestion  of  hundred  grammes 
of  glucose  he  has  repeatedly  observed  urines,  which  reduced  copper 
and  bismuth,  but  which  did  not  undergo  fermentation  and  were  op- 
tically inert  or  rotated  the  plane  of  polarization  to  the  left.     AVhether 
or  not  this  peculiar  l)ehavior  of  the  urine  can  be  attributed  to  the 
presence  of  certain  glycuronic  compounds  or  not,  as  Mayer  suggests, 
remains  to  l)e  seen.     Similar  ol>servations  are  recorded  bv  Blumen- 

•r 

thai  and  others. 

Olycnronic  Acid. 

( jlycuronic  acid  is  derived  from  glucose,  and  constitutes  an  inter- 
mediary product  of  the  normal  inetalK^lism  of  the  body.  In  the 
urine  it  is  onlv  found  in  combination  with  certain  fattv  and  aromatic 
alcoliols,  forming  comj)ounds,  whicli  are  rehited  to  tlie  glucosides, 
and  are  generally  spoken  of  as  the  conj^iffatc  ghjcuronates.  Such 
hmlies  liave  been  observe<l  in  the  urine,  following  the  ingestion  of 
chloral,  camphor,  naphtol,  oil  of  turpentine,  menthol,  phenol,  nior- 
phin,  etc.,  and  it  also  appears  that  traces  may  be  obtained  from  nor- 
mal urines.  The  normal  glycuronates  are  undoubtedly  compounds 
of  glycuronic  acid  with  ])hcnol,  paracn^sol,  indoxyl,  and  skatoxyl. 
Their  amount,  however,  is  exceedingly  small,  as  the  greater  portion 
of  these  bodies  is  normally  eliminated  in  combination  with  sulphuric 
acid. 

Of  the  quantitative  variations  of  the  normal  glycuronates  and 
their  relation  to  disease  next  to  nothing  is  known.  Their  clinical 
interest  centres  in  the  fact  that  certain  glycuronates  are  capable  of 
reducing  copper  and  bismuth  in  alkaline  solutions,  and  may  thus  be 
confounded  with  glucose.  Such  urines,  however,  do  not  undergo 
fermentation.     The  glycuronates  turn  the  plane  of  jwlarization  to  the 
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left,  while  glycuronic  acid  itself  is  dextro-rotatory.  Like  the  pen- 
toses the  glycuronates  give  a  positive  reaction  with  phloroglucin, 
while  they  do  not  react  with  orcin  (see  p.  423).  With  the  free  acid 
phenylhydrazin  forms  crystalline  compounds  (see  p.  413). 

Urinary  Pigments  and  Ohromogens. 

In  considering  the  subject  of  urinary  pigments  it  is  necessary  to 
differentiate  sharply  between  such  pigments  which  occur  preformed 
in  the  urine,  and  others  that  only  appear  upon  the  addition  of  cer- 
tain reagents  which  have  the  power  of  decomposing  their  chromo- 
gens.  Until  quite  recently  this  subject  was  in  a  most  confused  con- 
dition, and  even  now  our  knowledge  can  only  be  regarded  as 
rudimentary  ;  for,  notwithstanding  the  fact  that  numerous  investiga- 
tions have  been  made  with  a  view  of  determining  the  source  of  the 
color  of  normal  urine,  this  problem,  even,  is  not  yet  definitely  solved, 
and  it  is  only  possible  to  say  at  the  present  time  that  urochrome  and 
jx)ssibly  a  certain  indoxyl  derivative  are  to  some  extent  responsible 
for  the  normal  color  of  the  urine. 

Under  normal  conditions  urochrome  and  uroerythrin,  to  which 
latter  the  red  color  of  urate  sediments  is  due,  are  the  only  known 
pigments  which  occur  preformed  in  the  urine,  while  indigo-red  and 
indigo-blue,  derived  from  indoxyl  sulphate  and  indoxyl  glycuronate, 
may  be  artificially  produced.  In  disease,  on  the  other  hand,  various 
otlier  pigments  may  be  found,  which  occur  in  the  urine  either  free  or 
in  the  form  of  chromogens.  Among  the  former  may  be  mentioned 
haemoglobin,  methsemoglobin,  hflematin,  htematoporphyrin,  urorubro- 
ha?matin,  urofuscohsematin,  urobilin,  the  biliary  pigments  and  melanin, 
while  abnormal  chromogens  are  met  with  following  the  ingestion  of 
certain  drugs,  such  as  santonin,  senna,  rheum,  iodine,  etc.,  as  also  in 
cases  of  poisoning  with  carbolic  acid,  creosote,  etc.  The  occurrence 
of  some  of  these  substances,  such  as  the  various  forms  of  blood-pig- 
ment, the  biliary  pigments  and  indigo,  viz,  indiean,  is  of  considerable 
clinical  interest,  while  others  again  are  only  of  minor  importance. 

Normal  Pigments. — Urochrome. — To  the  presence  of  this  pig- 
ment, which  appears  to  be  identical  with  the  normal  urobilin  of  Mac- 
MnnUy  but  which  should  not  be  confounded  with  the  pathologic  urobilin 
of  Jaff^y  the  normal  yellow  color  of  the  urine  is  partly  due.  It  is 
undoubtedly  derived  from  bilirubin,  which  in  turn  is  referable  to  the 
hsematin  and  heemoglobin  of  the  blood.  From  the  bilirubin  secreted 
into  the  intestinal  tract  it  is  derived  by  a  process  of  oxidation,  and 
not  of  reduction,  as  is  generally  stated.  Such  a  transformation,  ac- 
cording to  our  present  knowledge,  may,  however,  also  occur  directly, 
without  the  intervention  of  bilirubin,  as  urochrome  is  found  in  the 
urine  of  dogs,  in  which  the  bile  is  prevented  from  entering  the  in- 
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testinal  tract  by  the  establishment  of  a  biliary  fistula.  An  increased 
amount  is  similarly  found  in  cases  in  which  a  resorption  of  large 
extraviisations  of  blood  is  taking  place — in  short,  whenever  an  in- 
creased destruction  of  red  corpuscles  is  noted.  Under  the  opposite 
circumstances — /.  e.,  in  conditions  associated  with  a  new  formation  of 
red  corpuscles,  as  in  certain  forms  of  ansemia,  chronic  parenchyma- 
tous nephritis,  diabetes,  diseases  of  the  bone  marrow,  etc.,  it  occurs 
in  diminished  amount. 

In  order  to  obtain  urochrome  from  normal  urine  this  is  acidulated 
with  1-2  grammes  of  dilute  sulphuric  acid  pro  litre,  filtered,  and 
saturated  with  ammonium  sulphate  in  substance,  when  the  flakes 
which  are  found,  if  an  excess  of  the  salt  has  been  added,  are  dried 
and  treated  with  warm,  slightly  ammoniacal  absolute  alcohol ;  the 
pigment  is  then  obtained  upon  evaporation  of  the  alcohol.  An  alco- 
holic solution  of  urochrome,  like  the  urobilin  of  JaflR§,  exhibits  a 
beautiful  greonisli  fluorescence,  when  treated  with  ammonia  and  a 
few  drops  of  a  solution  of  zinc  chloride,  but,  unlike  the  latter  sub- 
stance, its  acidulated  alcoholic  solutions  present  a  broad  band  of 
absorption  at  "  F,"  which  extends  more  to  the  left  than  to  the  right 
of  this  line,  while  the  remainder  of  the  sjxx;tnmi  is  at  the  same  time 
absorbed  to  the  right  end,  from  a  point  somewhat  to  the  left  of  "  G." 

Uroerytiirix. — ITroerythrin  is  the  pigment  which  im])arts  the 
red  color  to  crystals  of  uric  acid  and  urate  sediments.  In  pathologic 
conditions  it  is  seen  especially  in  cases  of  hepatic  insufficiency,  in 
which  the  liver,  owing  to  a  greatly  incrcjised  destniction  of  red  cor- 
puscles, is  unable  to  transform  all  the  blood-pigment  which  is  carried 
to  it  into  bile-pigment.  It  also  occurs  when  an  absolute  insufficiency 
on  the  part  of  the  hepatic  cells  exists,  so  that  the  organ  is  not  even 
capable  of  causing  the  transformation  of  a  normal  amount  of  haemo- 
globin. Uroerytbrin  is  thus  seen  in  notable  quantities  in  cases  of 
pneumonia,  malarial  fever,  erysipelas,  spinal  curvature,  hepatic  cir- 
rhosis, carcinoma  of  the  liver,  etc.  Chemically,  its  close  relation  to 
hemoglobin,  hiematoidin,  and  bilirubin  is  seen  from  the  following 
analyses  of  the  various  pigments  : 

V  H  N  ()  S  Fe 

Iltpmoglobin,         5;5.85  7.32         ir).17         0.39         0.43 

Ilteiimtoidin,         Go.  05  <).37  O.ol         

Bilirubin,  67.83  6.21>  0.70         10.70  


v_ 


Uroen-thrin,  62.51  5.70  31.70 


When  present  in  large  amounts  uroervthrin  is  readily  recognized 
by  the  salmon-red  color  which  it  imi)arts  to  urinary  sediments. 
Otherwise  it  is  best  to  precipitate  the  urine  with  neutral  acetate  of 
lead,  barium  chloride,  or  a  similar  reagent,  when  in  the  absence  of 
uroerythrin  a  milky-white  precipitate  is  obtained,  while  a  pale  rose- 
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colored  sediment  indicates  the  presence  of  the  pigment  in  appreciable 
amounts ;  a  more  pronounced  rose-color  is  produced  if  large  quanti- 
ties are  present.  In  every  case  at  least  ten  to  fifteen  minutes  should 
be  allowed  to  elapse  before  forming  a  definite  conclusion,  so  that  the 
sediment  may  have  abundant  time  to  settle. 

Normal  Ohromogens. — The  chromogens  occurring  in  normal  urine 
are  indican,  urohaematin,  and  an  unknown  chromogen  which  yields 
urorosein  when  treated  with  mineral  acids. 

Indican. — It  has  already  been  pointed  out  (see  Sulphates)  that 
the  indol  formed  during  the  process  of  intestinal  putrefaction  is  oxi- 
dized to  indoxyl  in  the  blood ;  this,  entering  into  combination  with 
sulphuric  acid,  is  eliminated  in  the  urine  as  sodium  or  potassium 
indoxyl-sulphate,  or  indican,  as  represented  by  the  equations : 

IndoI.  Indoxyl. 

I.     QH^N  +  O  =  CgH^NO 

ludoxyl.  Indoxvl-sulphate. 

/OH  /CsHeNO 

II.     CsH7N0  +  S0,<^         =^0/  -fHjO 

N)H  X)H 

Indoxyl-sulphate.  Indoxvl-Aodium  sulphate. 

III.     S0,<^  -I- Na,HPO,  =  SO./  4-NaHjP04 


\0H  \0N 


a 


Formerly  it  was  thought  that  indican  was  also  formed  within  the 
tissues  of  the  body,  in  the  absence  of  putrefactive  organisms  (this 
view  was  held  especially  by  Salkowski).  Further  researches,  how- 
ever, have  demonstrated  beyond  a  doubt  that  micro-organisms  are 
always  concerned  in  the  production  of  indican,  and  that  in  health  the 
large  intestine  is  its  only  source.  Baumann,  who  succeeded  in  abso- 
lutely disinfecting  the  intestinal  tract  of  a  dog  by  means  of  large 
doses  of  calomel,  thus  observed  that  all  traces  of  indican,  as  also  of 
phenol  and  paracresol,  disappeared  from  the  urine.  According  to 
Senator,  moreover,  indican  does  not  occur  in  the  urine  of  newly  bom 
infants  which  have  not  as  yet  received  nourishment.  This  observa- 
tion is  a  strong  point  in  favor  of  Nencki's  teachings  that  indol  is  a 
specific  product  of  albuminous  putrefaction,  in  the  presence  of  organ- 
ized ferments,  as  putrefiable  substances  are  present,  but  no  putrefac- 
tive organisms.  Tuczek^s  observations  on  abstinence  from  food  in 
cases  of  insanity,  in  which  indican  was  only  observed  in  the  urine 
when  albumins,  though  in  minimal  amounts,  were  ingested,  also 
speak  very  strongly  against  Salkowski's  theory.  Finally  it  has  been 
demonstrated  that  in  cases,  in  which  an  artificial  anus  is  established 
near  the  distal  end  of  the  ileum,  the  conjugate  sulphates  disappear 
almost  entirely  from  the  urine,  while  they  reappear  in  normal  amount, 
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as  soon  as  the  connection  between  the  small  and  large  intestlDes  has 
been  reestablished. 

The  amount  of  indican  which  is  normally  eliminated  in  the  urine 
varies  somewhat  with  the  character  of  the  diet.  Jaffl^  obtained  6.6 
milligrammes  from  1,000  c.c.  of  urine,  as  an  average  of  eight  obser- 
vations. The  largest  quantities  excreted  in  health  are  found  after  a 
liberal  indulgence  in  animal  food,  particularly  the  so-called  red 
meats,  while  the  smallest  amounts  are  obser\'ed  during  a  milk  or 
kefir  diet.  By  means  of  the  latter  article,  indee<l,  the  greatest  dimi- 
nution in  the  degree  of  intestinal  putrefaction  may  be  effected  in 
man.  In  pathologic  conditions  an  increased  elimination  of  iudican 
is  obser\^ed : 

1.  In  all  diseases  which  are  associated  with  an  increased  degree  of 
intestinal  putrefaction.  As  there  api>ears  to  be  little  doubt  that  this 
is  largely  regulated  by  the  acidity  of  the  gastric  juice,  an  increased 
indicanuria,  according  to  jxirsonal  observations,  is  encountered  when 
anachlorhydria  or  hypochiorhydria  exist.  It  has  been  pointed  out 
elsewhere  that  it  is  {wssible  to  form  a  fairly  accurate  idea  of  the 
amount  of  free  hydrochloric  acid  in  the  gastric  juice  by  an  examina- 
tion of  the  urine  in  this  direction.  Large  quantities  of  indican  are 
thus  eliminated  in  cases  of  carcinoma  of  the  stomach,  and  exceeded 
only  by  those  observed  in  cases  of  ileus,  so  tiiat  this  symptom,  in  my 
estimation,  is  one  of  considerable  value  in  differential  diagnosis,  and 
one,  moreover,  which  has  not  as  yet  received  the  attention  which  it 
undoubtetlly  deserves.  Exceptions  to  this  rule  are  at  times,  though 
rarely,  met  with,  for  which  it  is,  however,  im]x>ssible  to  account  at 
the  present  time.  Large  quantities  of  indican  are  also  observed  in 
cases  of  acute,  subacute,  and  chronic  gtistritis,  of  whatever  origin. 
In  the  course  of  personal  observations  in  this  direction,  I  was  struck 
with  the  curious  phenomenon  that  in  cases  of  ulcer  of  the  stomach, 
notwithstanding  the  simultaneous  occurrence  of  by perchlorhydria,  an 
increased  elimination  of  indican,  contrary  to  what  is  usuallv  seen  in 
hy perchlorhydria  referable  to  other  causes,  is  cpiite  constantly  found. 
Possibly  the  existence  of  muscular  atonv  which  was  noted  in  those  cases 
may  serve  to  explain  this  apparent  incongruity,  but  it  is  as  yet  im- 
possible to  offer  a  satisfa(»torv  ex])lanation  of  the  phenomenon.  Re- 
membering the  origin  of  indican,  and  the  relation  which  the  amount 
eliminated  lK\irs  to  the  degree  of  intestinal  putrefaction,  it  will  be  un- 
necessary to  enumerate  the  long  list  of  diseases  in  which  an  increased 
indicanuria  has  been  observed,  as  it  will  be  found  that  in  the  majority 
of  these  cases  the  indi(*anuria  is  merely  an  index  of  the  condition  of 
the  gastric  juice  and  the  motor  power  of  the  stomach. 

2.  It  should  l)e  noted  that  in  cases  in  which  the  peristaltic  move- 
ments of  the  ftnuiff  intestine  have  become  impeded,  as  in  ileus,  acute  and 
chronic  peritonitis,    an  increased  elimination  of  indican  will  inva- 
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riably  take  place,  no  matter  what  the  state  of  the  gastric  juice  may 
be.  Ill  such  conditions,  and  especially  in  ileus,  the  largest  quanti- 
ties are  observed,  a  point  which  may  be  of  decided  value  in  differ- 
ential diagnosis,  as  diseases  of  the  large  intestine,  alone,  are  never 
associated  with  an  increase  in  the  amount  of  indican.  In  simple,  un- 
complicated constipation  increased  indicanuria  is  not  seen,  and  should 
an  examination  in  such  cases  reveal  the  presence  of  more  indican 
than  normal,  it  will  be  safe  to  assume  the  existence  of  disease  else- 
where, and  especially  of  the  stomach. 

3.  As  albuminous  putrefaction  can  also  take  place  within  the  body, 
an  increased  indicanuria  is  observed  in  cases  of  empyema,  putrid 
bronchitis,  gangrene  of  the  lungs,  etc.;  but  while  in  the  conditions 
mentioned  above  the  indol-producing  organisms  appear  to  be  espe- 
cially active,  the  elimination  of  phenol  in  the  latter  condition  may  be 
more  pronounced  at  times  than  that  of  indican.  Bearing  in  mind 
the  points  here  set  forth,  I  cannot  agree  with  others  in  saying  that  the 
study  of  indicanuria  possesses  no  importance  from  a  clinical  stand- 
point. I  maintain,  on  the  other  hand,  that  an  examination  of  the 
urine  in  this  direction  is  at  least  as  important,  as  the  testing  for  albumin 
and  sugar,  and  that  points  of  decided  importance,  not  oidy  in  diagnosis 
but  also  in  prognosis  and  treatment  can  thus  be  gained. 

When  indican  is  treated  with  hydrochloric  acid  it  is  decomposed 
into  sulphuric  acid  and  indoxyl ;  should  an  oxidizing  substance  be 
present  at  the  same  time,  indigo-blue,  the  blue  coloring-matter  of  the 
urine,  results : 

Potassium  indoxyl  Indigo-blue, 

sulphate. 

2CJIeNKS04  -f  20  =  C,eH,oNA  +  2HKSO4. 

Indigo-blue  in  small  amounts  may  be  found  free  in  the  sediment 
of  almost  everj'  decomposing  urine,  usually  occurring  in  the  form  of 
small,  amorphous  granules,  and  more  rarely  in  crystalline  form. 
Urines  have,  however,  also  been  observed  which  were  blue  when 
passed,  or  which  turned  blue,  as  a  whole,  upon  standing.  Such  a 
phenomenon  must  be  regarded  as  a  medical  curiosity. 

The  blue  pigment  which  may  be  obtained  from  urines  has  been 
variously  described  as  Prussian-blue,  urocyanin,  cyanurin,  Hamblau, 
uroglaucin,  choleraic  urocyanin,  but  has  been  ultimately  shown  to  be 
indigo-blue,  and  derived  from  a  colorless  mother-substance  which  is 
present  in  every  urine  to  a  greater  or  less  extent,  and  which  has  been 
named  indican.  This  has  been  shown  to  be  identical  with  the  uro- 
xantliin  of  Heller  and  Thudichum's  choleraic  urocyaninogen. 

Tests  for  Indican. — The  urine  of  twenty-four  hours  is  carefully 
collected  and  a  specimen  taken  for  examination.  A  few  cubic  cen- 
timetres are  then  mixed  with  an  equal  volume  of  Obermayer's  re- 
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agent,  and  shaken  with  a  small  amount  of  chloroform.  Obermayr'i 
rmgetd  is  a  2-pro-mille  solution  of  the  sesquichloride  of  iron  in 
concentrated  hvdrrichlMric  acid. 

StokvLs*  mctdification  of  Jafle*s  test  may  also  be  employed.  To 
this  end  a  few  c.c.  of  urine  are  treated  with  an  equal  volume  of  con- 
centrated hydrvx-hloric  acid,  and  two  or  three  drop^  of  a  strong  solu- 
tion of  sodium,  nr  calcium  hypi>chlorite.  The  mixture  is  shaken 
m-ith  one  or  two  c.c.  of  chlon.»form  as  above.  The  indigo  ^rhich  is 
set  free  in  this  manner  is  taken  up  by  the  chloroform,  and  colors 
this  blue  to  a  greater  or  less  extent,  the  d^rw  of  increase,  as  com- 
pared ^ith  the  normal,  being  determined  by  the  intensity  of  the 
color.  Alliumin  need  not  he  removed.  Bile-pigment,  which  inter- 
feres with  the  reaction,  is  removed  by  means  of  a  solution  of  sub- 
acetate  of  lead  which  is  carefullv  added  in  order  to  avoid  an  excess. 
Urines  presenting  a  very  dark  <x>lor  may  be  cleared  in  the  same 
manner.  Potassium  ioilide,  owing  to  the  liberation  of  free  iodine, 
will  color  the  chloroform  more  or  less  of  a  carmine.  For  the  sake 
of  comparison,  it  is  well  to  employ  the  same  quantities  of  urine  and 
reagents  in  every  case,  marked  tubes  being  very  convenient  for  this 
purpose. 

The  method,  which  I  have  last  described,  I  have  also  found  to  be 
a  fairly  sensitive  test  for  albumin,  in  the  presence  of  which  a  well- 
marked  cloud  a[)pears  near  the  surface  of  the  mixture,  and  gradually 
extends  downward. 

Quantitative  Estimation. — Wancj's  Mi-rrnon. — ^The  method  is 
based  upon  the  decomposition  of  jwtassium  indoxyl  sulphate  bv 
means  of  concentrated  liydrochloric  acid  and  the  oxidation  of  the 
indoxyl,  which  is  thus  ibrnied,  to  indigo-blue.  This  is  further  trans- 
formed into  indigo-sulpliuric  acid,  and  thus  titrated  with  a  solution 
of  potassium  |>ennanganatc  of  knoNMi  strength.  Tlic  various  changes 
which  take  place  are  represented  by  the  following  e(juations  : 

Iinlicaii.  Imluxyl. 

I.  (•,H6N.S(  ),K  --  lU)  r_  (  JI^N.Oli  n-  HKS(\ 

Indoxvl.  Iii<li^«>-Mue. 

11.  2(;n,N.bH -j  20 .- r,,u„N,(), -f  211,0 

Iiiilip^-bluo.  Iinlij,''>-Mili»huric  acid. 

III.  ('H.n,„N,( ),  4-  2H,S0,  -    (•„;IL(  1IS(  ),),N,0,  -f  2H,0 

Iiulig«>-MiU'. 

IV.  r)C',6nio>'At  4KMiiO»4-(in:^<>*-    ")CV.ir„X,(),-f  2K,S(\-i  4MnS0,— 6H,0 

Keagents  required  :   1.  A  2()-pcr-ccnt.  solution  of  acetate  of  lead. 
2.  Ohermayer's  reagent.     This  is  a  2-pro-niille  solution  of  the  ses- 
quichloride  of  iron  in  concentrated  hydrochloric  acid  (sp.  gr.  1.19). 
*f^,  Chloroform. 
4.  Concentrated  sulphuric  acid. 
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5.  A  mixture  of  equal  parts  of  alcohol  (96  per  cent.),  ether  and 
water. 

6.  A  concentrated  solution  of  potassium  permanganate  (/.  e.,  a 
solution  containing  about  3  grammes  pro  litre).  The  titration  is  con- 
ducted with  this  solution,  diluted  in  the  proportion  of  5  c.c.  to  195 
c.c.  of  water.  Its  titre  is  ascertained  before  each  titration,  by  com- 
paring it  with  a  dilute  solution  of  oxalic  acid  of  known  strength ;  for 
example,  one  containing,  0.1  gramme  of  the  acid,  dissolved  in  100  c.c. 
of  water,  as  described  on  p.  353.  The  amount  of  indigo-blue  which 
each  c.c.  will  represent,  is  ascertained  by  multiplying  the  correspond- 
ing amount  of  oxalic  acid  by  1.04. 

Example. — Supposing  that  the  j)ermanganate  solution  is  found 
of  such  strength  that  one  c.c.  represents  0.00014  gramme  of  oxalic 
acid;  the  corresponding  amount  of  indigo  would  be  0.00014  x  1.04 
=  0.00015  gramme. 

Method. — The  urine  is  first  examined  for  indican,  as  described 
above.  Should  a  very  intense  reaction  be  thus  obtained,  only  25  or 
50  c.c.  are  used  for  tlie  quantitative  estimation,  while  larger  amounts 
are  taken  (200-500  c.c),  if  the  reaction  is  only  of  moderate  intensity 
or  negative  altogether. 

The  urine  is  then  precipitated  with  the  acetate  of  lead  solution, 
care  being  taken  to  avoid  an  excess.  A  large  and  accurately  meas- 
ured portion  of  the  clear  filtrate  is  treated,  in  a  separating  funnel, 
with  an  equal  volume  of  Obermayer^s  reagent  and  extracted  with 
chloroform.  To  this  end  30  c.c.  are  added  at  a  time  and  shaken  for 
one  minute.  Two  or  three  extractions  are  usually  sufficient  to  re- 
move the  entire  amount  of  indigo.  The  extract  is  placed  in  a  small 
flask,  when  the  chloroform  is  distilled  off.  The  residue  is  dried  for 
a  few  minutes  on  the  water  bath,  until  all  vapors  of  the  chloroform 
have  been  removed.  It  is  then  washed  with  the  alcohol-ether  and 
water  mixture  to  remove  the  reddish-brown  pigment,  which  is  pres- 
ent together  with  the  indigo-blue.  The  latter  remains  undissolved. 
After  filtering  off  any  particles  of  indigo  that  may  be  in  suspension, 
through  a  small  filter,  this  is  dried  and  re{)eatedly  extracted  with 
boiling  chloroform.  The  chloroform  extract  is  filtered  into  the 
original  indigo  flask,  the  chloroform  is  distilled  off,  the  residue  dried, 
as  before,  and  treated  with  three  or  four  c.c.  of  concentrated  sulphuric 
acid,  while  still  warm.  The  entire  residue  should  be  brought  into 
solution  by  careful  agitation.  After  standing  for  24  hours  the  con- 
tents of  the  flask  are  jx)ured  into  100  c.c.  of  cold  water ;  the  flask  is 
rinsed  out  and  the  washings  added  to  the  solution.  This  is  then 
filtered  once  more  and  titrated  with  the  permanganate  solution.  At 
first  the  blue  color  of  the  solution  changes  but  little ;  later  it  turns 
greenish,  and  finally  becomes  yellowish  or  entirely  colorless — not 
red.     As  a  rule  the  end  reaction  is  quite  distinct,  but  the  titration 
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requires  a  certain  amount  of  experience  nevertheless.  The  best  re- 
sults are  obtained  when  from  10-15  c.c.  of  the  dilute  permanganate 
solution  are  used.  The  resulting  amount  of  indigo^  contained  in  the 
measured-off  quantity  of  the  first  filtrate,  is  then  ascertained  as  de- 
scribed above. 

Example. — Amount  of  urine  :  1,780  c.c. 

The  stock  solution  of  potassium  permanganate  contains  3  grammes 
to  the  litre ;  1  c.c.  =  0.00596  gramme  of  oxalic  acid  ^  0.0062 
gramme  of  indigo.  Diluted  solution  (5  :  200)  ;  1  c.c.  =  0.00015 
gramme  of  indigo.  300  c.c.  of  urine  were  precipitated  with  25  c.c. 
of  the  lead  solution  ;  250  c.c.  of  the  filtrate  corresponding  to  230.7  c.c. 
of  urine,  treated  with  250  c.c.  of  Obermayer's  reagent.  Extracted 
twice  with  chloroform.  4.3  c.c.  of  the  permanganate  solution  were 
used  in  the  titration  =  0.00065  gramme  of  indigo,  corresponding  to 
0.005  gramme  in  the  1,780  c.c,  according  to  the  equation  : 

1  T>7 
230.7  :  0.00065  :  :  1780  :  x  ;  x  =  ivj^  =0,006. 

Other  methods  for  the  quantitative  estimation  of  indican,  which 
have  heretofore  been  in  use,  with  the  exception  of  the  spectrosoopic 
method  of  Miiller,  are  not  only  inaccurate,  but  like  this,  too  lengthy 
and  complicated  to  be  of  value  to  the  practicing  physician.  As  a 
consequence  almost  all  observers  have  based  their  conclusions  upon 
an  approximative  estimation  only.  For  practical  purposes  this  is 
indeed  sufficient,  and  even  Wang's  method,  though  accurate  and 
quite  simple,  will  hardly  find  a  ready  entrance  into  the  clinical 
laboratory,  as  it  is  both  time-consuming  and  rather  expensive  for 
daily  use.     For  scientific  purposes,  however,  it  can  be  recommended. 

Uuoii.KMATix. — I'rohtematin  appears  to  be  the  chromogen  of  the 
red  pigment  of  the  urine,  and  is  very  likely  closely  related  to  in- 
doxyl.  Little  is  known  of  its  chemical  composition  or  of  its  mode 
of  formation.  In  all  probability  the  red  pigment  which  may  be  ob- 
tained from  this  substance  is  identical  with  other  red  pigments,  which 
have  been  descril)e(l  from  time  to  time  as  occnrring  in  the  urine,  such 
as  that  of  Scherer,  the  urrhodin  of  Heller,  the  urorubin  of  Plosz, 
Schunk's  indirubin,  leaver's  indi<ro-purpurin,  (Jiacosa's  pigment,  and 
also  the  indip>-red  ol)tained  by  Kosenbach  and  Kosin  by  careful 
oxidation  of  the  urine  with  nitric  acid. 

Further  investigations  are  necessary  before  this  subject  is  fully 
understood,  but  bearing  in  mind  the  probable  origin  of  urohieniatin 
from  indoxyl,  it  would  possibly  be  best  to  sj)eak  of  the  red  pigment 
as  indigo-red. 

The  presence  in  normal  urine,  of  uroha}matin, — /.  f.,  a  chromogen 
yielding  a  red  pigment  when  treated  with  certain  reagents, — may  be 
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demonstrated  by  shaking  urine  with  chloroform  and  decanting  after 
several  days,  when  the  addition  of  a  drop  of  hydrochloric  acid  to  the 
chloroform  extract  will  cause  the  appearance  of  a  beautiful  rose-color ; 
this  varies  in  intensity  according  to  the  amount  of  the  chromogen 
present. 

Ill  accordance  with  the  view  that  urohiematin  is  an  indoxyl  deriva- 
tive, its  clinical  significance  is  similar  to  that  of  indican  (which  see). 
The  purplish  color  so  often  obtained  in  the  chloroform  extract,  when 
Stokvis'  modification  of  Jaff6's  indican  test  is  employed,  is  due  to  a 
mixture  of  indigo-blue  and  indigo-red.  Indican,  however,  is  gener- 
ally present  in  larger  amounts  than  urohsematin.  In  normal  and, 
usually  also,  in  pathologic  urines  a  red  color  is  not  obtained  with  the 
test  mentioned.  In  a  few  isolated  cases  of  ileus,  peritonitis,  and  car- 
cinoma of  the  stomach  I  have  found  more  indigo-red  than  indigo- 
blue. 

The  so-called  "  Reaction  of  Rosenbach  "  is  a  convenient  test  for 
indigo-red,  when  this  is  present  in  increased  amounts :  the  boiling 
urine  is  treated,  drop  by  drop,  with  concentrated  nitric  acid,  when  in 
the  presence  of  large  amounts  of  indigo-red  it  will  assume  a  dark 
Burgundy  color,  which  sometimes  takes  on  a  bluish  tinge  if  held  to 
the  light.  Owing  to  a  precipitation  of  the  pigment  the  mixture  at 
the  same  time  becomes  cloudy,  and  the  foam  assumes  a  blue  color. 
In  well-marked  cases  the  Burgundy  color  does  not  appear  to  be 
changed  by  the  further  addition  of  nitric  acid,  but  will  sometimes, 
when  10-20  drops  of  the  acid  have  been  added,  suddenly  turn  from 
red  to  yellow.  This  reaction  Rosenbach  regarded  as  symptomatic  of 
various  forms  of  severe  intestinal  disease,  associated  with  an  impeded 
resorption  throughout  the  entire  intestinal  tract.  Ewald  likewise 
noted  this  reaction  in  cases  of  extensive  disease  of  the  small  intestine, 
in  carcinoma  of  the  stomach,  acute  and  chronic  peritonitis,  but  ob- 
tained negative  results  in  carcinoma  of  the  colon,  stricture  of  the 
oesophagus,  chronic  diarrhoea,  etc.  RosenAach^s  reaction  should  be 
viewed  in  the  same  Uyht  as  a  highly  increased  elimination  of  indican. 
I  have  met  with  the  reaction  in  all  conditions  associated  with  greatly 
increased  intestinal  putrefaction,  and,  like  Ewald,  failed  to  note  the 
reaction  in  a  few  cases  of  occlusion  of  the  large  intestine,  in  which 
an  increased  elimination  of  indican  is  likewise  nev^er  observed. 

Uroroseinogex. — In  addition  to  indican  and  urohsematin  still 
another  chromogen,  which  yields  a  rose-red  pigment  when  treated 
with  mineral  acids,  appears  to  occur  in  normal  urine,  although  in 
small  amounts.  Beyond  the  fact  that  the  chromogen  is  not  a  conjugate 
sulphate,  practically  nothing  is  known  of  its  chemical  nature.  The 
pigment,  which  has  received  the  name  uroroseiny  or  Harnrosa,  ap- 
pears to  be  identical  with  Heller's  urophain.  Urorosein  is  best  dem- 
onstrated by  treating  5-10  c.c.  of  urine  with  an  equal  amount  of 
28 
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concentrated  hydrochloric  acid,  and  1  or  2  drops  of  a  concentrated 
sohition  of  bleachiug-powder,  when  in  the  presence  of  much  iudicao 
the  mixture  first  assumes  a  dark-greenish,  blackish,  or  dark-blue  color, 
owing  to  the  formation  of  indigo.  When  the  mixture  is  then  shaken 
with  chloroform  the  supernatant  fluid  will  exhibit  a  beautiful  rose- 
color,  which  is  due  to  the  urorosein.  This  may  now  be  extracted  with 
amyl  alcohol  and  separateil  from  other  pigments,  which  are  present 
at  the  same  time,  by  shaking  with  sodium  hydrate,  whereby  the  solu- 
tion is  decolorized.  Upon  the  addition  of  a  drop  or  two  of  hvdno- 
chloric  acid  to  the  alcoholic  extract  the  rose-color  will  reappear.  Such 
solutions,  however,  soon  become  decolorized  upon  standing.  A  rose- 
red  ring,  referable  to  this  pigment,  is  also  frequently  obtained  in 
pathologic  urines,  when  the  ordinary  nitric-acid  test  is  employed. 

While  normally  urorosein  can  only  be  obtained  in  traces,  appre- 
ciable amounts  are  often  met  with  in  pathologic  conditions,  associated 
with  grave  disturbances  of  nutrition,  as  in  nephritis,  diabetes,  carci- 
noma, dilatation  of  the  stomach,  })eniicious  ansemia,  typhoid  fever, 
phthisis,  and  at  times  in  profound  chlorosis,  etc.  A  vegetable  diet 
also  api>ears  to  cause  an  increase  in  the  amount  of  the  chromogen. 

Patiiologic  Pigments  and  Ohromogens. — The  Bixx>d  Pigments. 
— The  blood-pigments  proper,  which  may  occur  in  the  urine  have  al- 
ready been  considered  (see  p.  400),  and  in  this  connection  it  will 
only  be  necessary  to  refer  briefly  to  the  occasional  presence  of  hsm- 
atin,  urorubrohajmatin,  urofuscolijematin,  and  htematoporphyrin. 

H.EMATiN  is  only  rarely  seen.  In  order  to  demonstrate  its  pres- 
ence, the  urine  is  rendered  strongly  alkaline  with  ammonia,  filtered, 
and  the  filtrate  examinoil  spectroscopically,  when  the  sj)ectruni  shown 
in  Fig.  ()  will  be  noted  ;  this  may  be  changed  into  the  six?ctnim  rep- 
rost'iited  in  Fig.  7  by  the  addition  of  ammonium  sulphide. 

ruoKrBKOH.KMATix  AND  l^KoFrscoH.EMATiN  are  t WO  pigments 
which  were  observed  l)y  Baiinistark  in  the  urine  of  a  case  of  |x?m- 
phigus  leprosns,  coniplieatecl  with  visceral  lepra  ;  they  appear  to  be 
closelv  related  to  hicniatin.  The  color  of  the  urine  in  this  case 
varied  l)et\v(*(*n  dark-rt^l  and  hrownish-red,  strongly  suggesting  the 
])rosenee  of  l>loo(l.     In  order  to  separate  the  pigments  the  urine  was 

dialvzcd  and  the  contents  of  the  dialvzer  dissolved  in  sodium   hv- 

•  •  • 

(Irate  solution.  Vpon  the  addition  ol*  hydrochloric  acid  to  this 
solution  a  i>r(nvn  pi«j:nient  separated  out  in  flakes,  while  a  second 
pigment  remained  in  solution,  impartinir  to  it  a  beautiful  red  color. 
Upon  filtration  the  aeid  liltrale  was  again  subjected  to  dialysis, 
when  the  red  pigment  likewise  separated  out.  The  former  substance 
Baumstark  termed  uroruhroha'niatin,  and  the  latter  urofuscolnematin. 
T^noH.EMAToponPHVHiN  has  the  formula  C'„.H,^X^,03;  it  is  prob- 
ably closely  related  to  the  lKeniatopor|)hyrin  resulting  from  the  action 
of  sulj)hurie  aeid  upon   hjcniatin.     MacMuun  found  a   j)igment  an- 
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swering  the  description  of  this  substance  in  the  urine  in  cases  of  rheu- 
matism, Addison's  disease,  pericarditis,  and  paroxysmal  hsemoglo- 
binuria,  which  he  termed  urohsematin,  but  which  in  all  probability 
was  hsematoporphyrin.  Le  Nobel  found  the  same  pigment  in  two 
cases  of  hepatic  cirrhosis  and  in  one  case  of  croupous  pneumonia. 
More  recently  htematoporphyrin  has  been  repeatedly  noted  in  the 
urine  during  a  long-continued  administration  of  sulphonal,  trional, 
and  tetronal,  as  also  in  cases  of  lead -poisoning  and  intestinal  hemor- 
rhages. Clinically  its  occurrence  does  not  appear  to  be  of  any  diag- 
nostic significance,  and  recent  researches  have  shown  that  in  traces, 
at  least,  it  is  present  in  every  urine.  Urines  rich  in  hteraatopor- 
phyrin  present  an  abnormal  color,  varying  from  a  sherry  or  port- 
wine  tint  to  Bordeaux.  Albumin  in  uncomplicated  cases  is  not 
present,  and  hsematoporphyrin  itself  does  not  give  the  albumin  re- 
actions. In  urines  presenting  the  color  just  described  htematopor- 
phyrin  may  be  tested  for  in  the  following  manner  : 

Thirty  c.c.  of  urine  are  treated  with  an  alkaline  solution  of  barium 
chloride.  The  precipitate,  after  having  been  washed  with  >vater  and 
then  with  absolute  alcohol,  is  extracted  with  ordinary  alcohol,  acidu- 
lated with  hydrochloric  acid,  by  rubbing  in  a  mortar.  The  solution 
thus  obtained  will  present  a  reddish  color  in  the  presence  of  haeraa- 
toporphyrin,  and  its  filtrate  yield  the  characteristic  spectrum  of  the 
latter  substance ;  i.  e,,  four  bands  of  absorption,  of  which  two  are 
broad  and  dark  and  two  light  and  narrow.  The  former  alone  are 
characteristic,  and  frequently  the  only  ones  visible.  One  of  these 
extends  beyond  "  D  "  into  the  red  portion  of  the  spectrum,  while  the 
other  is  situated  between  "  b  "  and  "  F.'^  Of  the  other  two  bands, 
one  may  be  seen  between  **  C ''  and  "  D,"  and  the  other  between 
"  D  "  and  "  E,"  nearer  "  E ''  (Fig.  10). 

In  conclusion  it  may  be  said  that  a  cbromogen  of  hsematoporphyrin 
is  also  usually  present  in  urines  containing  the  free  pigment,  which 
probably  explains  why  such  urines  gradually  become  darker  on 
standing. 

Biliary  Pigments. — Of  the  four  biliary  pigments,  viz,  bilirubin, 
biliverdin,  biliprasin,  and  bilifuscin,  the  former  alone  is  met  with  in 
freshly  voided  urines,  while  the  others  may  form  upon  standing, 
being  oxidation-products  of  bilirubin.  As  this  pigment  is  never 
found  in  normal  urine,  its  occurrence  may  be  regarded  as  a  definite 
symptom  of  disease. 

In  health,  it  will  be  remembered;  that  bilirubin,  CjgHj^NjOj,  formed 
in  the  liver  from  blood-pigment,  is  eliminated  into  the  small  intes- 
tine, in  which  it  is  transformed  into  hydro-bilirubin  and  largely  ex- 
creted as  such  in  the  feces,  while  a  small  portion  is  reabsorbed  into 
the  blood  and  eliminated  in  the  urine  as  urochrome  or  normal  uro- 
bilin.    Whenever,  then,  the  outflow  of  bile  into  the  intestines  be- 
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conies  iin]XH^lcd  bilirubin  is  absorbed  by  the  lymphatics  and  eliminated 
in  the  urine. 

Among  the  numerous  causes  which  give  rise  to  choiurioy  under 
such  conditions,  may  be  mentione<l  obstruction  of  the  biliarr  ducts 
and  esjK'cially  of  the  common  duct,  referable  to  simple  swelling  of 
its  mucous  membrane,  as  in  the  ordinary  forms  of  catarrhal  jaun- 
dice. It  may  also  l)e  due  to  the  presence  of  a  biliary  calculus,  to 
parasites,  compression  of  the  duct  by  tumors  of  the  liver,  the  gall- 
bladder, the  duct  itself,  and  of  neighboring  structures,  and  particularly 
of  the  pancreas,  stomach,  and  omentum.  Whenever  the  blood-pres- 
sure in  the  liver  is  lowered,  so  that  the  tension  in  the  smaller  biliary 
ducts  becomes  greater  than  that  in  the  veins,  choluria  likewise  re- 
sults. The  icterus  occurring  under  these  conditions  has  been  termed 
hepftfof/niic  Icterus,  in  contradistinction  to  the  form  obser\'ed  in  cases 
in  which  the  liver  has  either  totally  or  partially  lost  the  power  of 
forming  bile,  l)e  this  owing  to  the  existence  of  degenerative  processes 
affecting  its  glandular  epithelium,  as  in  cases  of  acute  yellow  at- 
rophy, or  to  destruction  of  red  corpuscles  going  on  so  rapidly  and 
so  extensively  that  the  organ  is  incajwble  of  transforming  into  bil- 
irubin all  the  blood-pigment  which  is  «irried  to  it.  This  occurs  in 
pernicious  anaemia,  malarial  intoxication,  typhoid  fever,  poisoning 
with  arseniuretted  hydrogen,  etc.  The  ieterm  neonatorum  is  prob- 
ably to  a  certain  extent  also  dependent  u|X)n  the  latter  cause.  To 
this  form  the  term  hcvmatogemc  idenix  has  been  applied.  In  such 
cases  the  occurrenc»e  of  bilirubin  in  the  urine  can  only  be  explained 
by  assuming,  that  a  transformation  of  blooil  coloring-matter  into 
bilirubin  has  taken  ])laee  in  the  blood  itself,  or  in  other  tissues  of  the 
l>ody.  As  a  matter  of  fact,  it  appears  to  he  quite  generally  accepted 
that  sucli  a  tnnisfonnation  tum  actually  occur  outside  of  the  liver,  as 
the  hicmatoidin  which  niav  l)e  found  in  old  extravasations  of  blmxl 
seems  to  he  identical  with  bilirubin.  On  the  other  hand,  however, 
the  existence  of  a  luematogenic  icterus  is  jKisitively  denied,  especially 
by  Stadelmann.  In  awordance  with  his  view  it  mav  be  demon- 
strated  that  in  cases  of  pernicious  an:eniia,  malaria,  etc.,  the  urine 
does  not  contain  Inlirubin,  but  usually  urobilin.  In  cases  of  this 
kind,  which  I  had  occasion  to  examine,  bilirubin  was  never  found. 
Further  investifiations  are  necessary  to  settle  this  question  definitely. 

Usually  the  presence  of  biliary  pigment  may  be  recognized  by 
direct  inspection,  as  urines,  which  contain  this  in  notable  amounts, 
present  a  color  varying  from  a  i)right  yellow  to  a  greenish-brown. 
Any  morphologic  elements  which  may  occur  in  the  sediment  are 
stained  a  golden-yellow,  and  the  same  color  is  imparted  to  the  foam 
of  the  urine,  as  well  as  to  the  filter-paper  used  in  its  filtration.  At 
times,  however,  and  particularly  in  eases  in  which  the  icterus  is  only 
beginning  to  appear,  the  presence  of  bilirubin   is  not  infrequently 


THE  CHEMISTRY  OF  THE  URINE,  437 

overlooked,  and  urines  containing  urobilin  in  large  amounts  may  be 
similarly  mistaken  for  icteric  urines.  In  doubtful  cases,  therefore, 
whether  icterus  exists  or  not,  but  in  which  the  urine  presents  an 
intense  yellow  color,  it  is  necessary  to  have  recourse  to  chemical 
tests.  A  large  number  of  these  have  been  devised  for  the  purpose 
of  demonstrating  the  presence  of  bilirubin,  all  of  which  are  fairly 
reliable.  Only  those  will  be  described  here  which  I  have  tested  my- 
self and  which  are  especially  delicate. 

Smith's  Test. — 5-10  c.c.  of  urine  are  placed  in  a  test-tube  and 
treated  with  2  or  3  c.c.  of  tincture  of  iodine,  which  has  been  diluted 
with  alcohol  in  the  proportion  of  1  :  10,  in  such  a  manner  that  the 
iodine  solution  forms  a  layer  above  the  urine.  In  the  presence  of 
bilirubin  a  distinct  emerald-green  ring  will  be  seen  at  the  zone  of 
contact.  This  test  can  be  highly  recommended,  as  it  is  exceedingly 
simple  and  not  surpassed  in  delicacy  by  any  other. 

Huppert's  Test. — 10-20  c.c.  of  urine  are  precipitated  with  milk 
of  lime  (a  solution  of  barium  chloride  is,  perhaps,  still  more  conve- 
nient), and  the  precipitate,  after  filtering,  brought  into  a  beaker  by 
perforating  the  filter  and  washing  its  contents  into  the  latter  with 
a  small  amount  of  alcohol,  acidulated  with  sulphuric  acid.  The 
mixture  is  boiled,  when  in  the  presence  of  bilirubin  the  solution 
assumes  a  bright  emerald-green  color.  Huppert's  test  is  as  delicate 
as  that  of  Smith,  but  not  so  convenient  for  the  needs  of  the  prac- 
tising physician. 

Gmelin's  Test,  as  Modified  by  Rosenbach. — The  urine  is 
filtered  through  thick  Swedish  filter-paper,  when  the  latter  is  re- 
moved and  a  drop  of  concentrated  nitric  acid,  which  has  been  allowed 
to  stand  exposed  to  the  air  for  a  short  time,  is  placed  upon  its  inner 
surface.  In  the  presence  of  bilirubin,  rings  presenting  the  colors  of 
the  rainbow  will  be  seen  to  form  around  the  nitric  acid. 

Gmelin's  Test. — The  urine  is  treated  with  nitric  acid,  which  is 
carried  to  the  bottom  of  the  test-tube  by  means  of  a  pipette,  so  as  to 
form  a  layer  beneath  the  urine,  wh^n  a  color-play,  as  already  de- 
scribed (p.  390),  will  take  place  at  the  line  of  contact  between  the 
two  fluids  ;  the  green  color  is  the  most  characteristic. 

In  this  connection  a  few  words  may  also  be  said  of  the  occurrence 
in  the  urine  of  biliary  acids  and  cholesterin. 

Biliary  Acids. — These  may  be  demonstrated  in  the  urine,  whenever 
bile-pigment  is  present,  so  that  their  clinical  significance  is  essentially 
the  same  as  that  attaching  to  bilirubin.  Their  demonstration  is,  how- 
ever, attended  with  such  difficulties  that  the  methods  devised  for  this 
purpose  may  well  be  omitted  at  this  place  (see  also  p.  205). 

Cholesterin. — Cholesterin  has  never  been  found  in  icteric  urines, 
and  is  only  rarely  seen  in  other  pathologic  conditions.  It  has  been 
observed  in  cases  of  chyluria,  fatty  degeneration  of  the  kidneys. 
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diabetes,  in  one  ease  of  cpile))sy,  and  in  two  cases  of  pr^nancr. 
V.  Jaksoh  has  noted  the  presence  of  cholesterin  crystals  in  a  urinarv 
seilinient  in  a  case  of  tabes  and  cystitis.  I  have  found  cholesterin 
cn'stals  in  the  sediment  in  a  case  of  acute  nephritis.  The  urine  vns 
of  a  dark  amber-color,  cloudy,  of  an  acid  reaction,  and  a  specific 
gravity  of  1.028.  In  the  sediment  numerous  hyaline  and  epithelial 
casts  and  some  red  blood-corpuscles  were  found.  Guterbock  described 
a  urinary  calculus  obtained  from  the  bladder  of  a  woman  which  con- 
sisted almost  entirely  of  cholesterin  (see  also  Feces). 

Beginners  at  times  regard  the  spangles  of  urea  nitrate'  seen  in 
urines  rich  in  urea,  after  the  addition  of  nitric  acid,  as  choles- 
terin. 

Pathologic  Urobilin. — This  pigment  should  not  be  confounded  with 
the  urochrome  or  normal  urobilin  described  above,  to  which  it  is 
closely  related,  but  from  which  it  may  be  readily  distinguished  by 
means  of  the  spectroscope.  Gautier  states  that  pathologic  urobilin 
may  be  obtained  from  urochrome  by  submitting  the  latter  to  the 
action  of  reducing  agents.  Like  normal  urobilin  it  is  derived  from 
the  coloring-matter  of  the  blood  and  bilirubin,  and  merely  represents 
a  lower  form  of  oxidation  than  normal  urobilin.  It  is  said  to  be 
identical  with  the  skrcobilin  found  in  the  feces.  While  its  occurrence 
in  the  urine  is  essentially  a  pathologic  phenomenon,  it  is  at  times  also 
met  with  in  normal  urines,  and  appears  to  be  derived  from  a  special 
chromogen,  urobilinogen^  from  which  it  may  be  set  free  by  the  addi- 
tion of  an  acid.  From  its  frequent  occurrence  in  febrile  urines 
pathologic  urobilin  has  also  received  the  name/e6/'£fe  urobilin.  It  is, 
however,  also  observed  in  many  other  conditions,  and  especially  in 
cases  j>rcsenting  the  so-callod  lueniatogenie  form  of  icterus,  from 
which  fact,  indeed,  and  the  usual  al>sence  of  l)ilirubin  at  the  same 
time,  this  form  has  been  termed  "  urobilin  icterus.''  In  this  connec- 
tion it  is  interesting  to  note  that,  according  to  v.  Jaksch,  bilirubin 
occurs  in  the  blood  in  almost  every  case,  in  which  urobilin  is  presi^nt 
in  the  urine,  showing  that  bile-pigment  circulating  in  the  blood  is  in 
all  probability  transformed  into  urobilin  in  the  kidneys. 

Urobilinuria  has  bwn  observed  in  certain  hepatic  diseases:  in 
twelve  cases  of  atrophic  and  hypertrophic  cirrhosis,  v.  Jaksch 
was  able  to  demonstrate  the  presence  of  urobilin  in  every  instance, 
a  point  which  at  times  may  be  of  considerable  dijignostic  im- 
portance, providing  that  other  causes  which  are  known  to  lead  to 
urobilinuria  can  be  eliminated.  I  have  observed  urobilin  in  a  few 
cases  of  hepatic  cirrhosis,  chronic  malaria,  and  pernicious  anosmia,  in 
all  of  which  the  skin  presented  a  light  icteric  hue,  and  in  which  bile- 
pigment  was  absent  from  the  urine.  An  examination  of  the  blood 
was,  however,  unfortunately  not  made,  l/robilin  has  also  been 
noted  in  cases  of  carcinoma,  scurvy,  ^Vddison's  disease,  haemophilia. 
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retro-uterine  haematocele,  extra-uterine  pregnancy,  following  intra- 
cranial hemorrhages,  etc. 

Urines  which  are  rich  in  urobilin  usually  present  a  dark-yellow 
color,  which  is  strongly  suggestive  of  the  presence  of  bilirubin  ;  the 
foam,  even,  in  such  cases  may  be  colored,  making  the  resemblance 
between  the  two  pigments  still  more  complete,  v.  Jaksch  further 
points  out  that  urines  containing  indican  in  large  amounts  often 
likewise  present  a  very  dark-yellow  color,  a  statement  with  which 
my  own  observations  are  in  perfect  accord.  It  is  possible  that  the 
color  in  such  cases  may  be  due  to  the  presence  of  humin-substances 
derived  from  the  indican.  In  every  case  a  more  detailed  chemical 
examination  should  hence  be  made.  The  method  suggested  by  v. 
Jaksch  appears  to  be  more  serviceable  than  that  suggested  by  Ger- 
hardt. 

V.  Jaksch's  Test. — 10-20  c.c.  of  urine  are  submitted  to  Hup- 
pert's  test  (which  see),  when,  in  the  presence  of  urobilin  in  notable 
quantities,  the  precipitate  assumes  a  brownish-red  color,  which  dis- 
appears upon  boiling  with  acidulated  alcohol,  while  the  liquid  is 
colored  a  brownish  or  pomegranate-red.  In  the  presence  of  a  small 
amount  only  of  this  pigment,  on  the  other  hand,  the  liquid  is  colored 
a  light  reddish  tinge. 

Gerhari>t\s  Test. — If  the  urine  contains  much  urobilin,  which 
the  color  will  indicate,  10-20  c.c.  are  extracted  with  chloroform  by 
shaking,  and  the  extract  treateil  wuth  a  few  drops  of  a  dilute  solu- 
tion of  iodo-potassic  iodide.  Upon  the  further  addition  of  a  dilute 
solution  of  sodium  hydrate  the  chloroform  extract  is  colored  a  yellow 
or  yellowish-brown,  and  exhibits  a  beautiful  green  fluorescence ;  this 
is  even  more  intense  than  that  noted  in  the  case  of  normal  urobilin. 

At  times,  however,  all  tests  fail  and  recourse  must  then  be  had  to 
the  spectroscope.     In  acid  solutions  urobilin  presents  a  distinct  band  ^ 
of  absorption  between  "  b"  and  "  F,"  extending  beyond  "  F ''  to  the 
right,  while  in  alkaline  solutions  a  band  is  likewise  seen  between  "  b" 
and  "  F,"  but  does  not  extend  beyond  "  F,"  and  is  less  intense. 

Melanin  and  Melanogen. — In  cases  of  melanotic  disease  it  has  been 
repeatedly  observed  that  the  urine,  which  usually  and  probably 
always  presents  a  normal  yellow  color  when  voided,  gradually 
becomes  darker  upon  exposure  to  the  air,  and  finally  turns  black. 
This  phenomenon  indicates,  without  a  doubt,  that  such  urines  contain  a 
chromogen,  melcnwgen,  which,  upon  oxidation,  yields  the  black  pig- 
ment noted  in  these  cases  viz,  melanin.  As  yet  it  has  not  been  pos- 
sible to  isolate  this  substance  in  pure  form,  and  it  is,  indeed,  not 
definitely  determined  that  the  black  color  in  such  urines  is  referable 
to  one  single  pigment.  Such  urines  generally  contain  melanin  and 
its  chromogen  in  solution  ;  deposits  of  melanin  granules  by  them- 
selves are  only  occasionally  seen,  and  are  not  at  all  characteristic,  as 


440  THE  URINK 

they  may  also  be  found  in  cases  of  chronic  malarial  intoxication,  etc.. 
when  they  may,  indeed,  l)e  met  with  in  the  blood,  constituting  the 
condition  s{K)ken  of  as  iiielaiuvmia. 

While  the  occurrence  of  melanin  in  the  urine  is  probably  indica- 
tive, in  most  cases,  of  the  existence  of  melanotic  tumors,  it  should 
l)e  stated  that  this  symptom  cannot  }ye  regarded  as  pathognomonic, 
lis  it  may  be  absent  in  the  case  of  melanotic  tumors,  and  present  in 
wasting  diseases  and  inflammatory  aifections,  and  may  at  times, 
though  very  rarely,  even  be  associated  with  the  presence  of  non-pig- 
mented  growths.  Xevertheless,  its  occurrence  should  always  be 
regarded  with  suspicion,  and,  taken  in  conjunction  with  other  symp- 
toms, will  often  lead  to  a  correct  diagnosis. 

Urines,  which  darken  uix)n  standing,  should  be  subjected  to  the 
following  tests : 

1.  A  few  c.c.  of  urine  are  treatinl  with  bromine- water,  when  in  the 
presence  of  melanin  or  melanogen  a  precipitate  is  obtained,  which  is 
yellow  at  first,  but  gradually  turns  black. 

2.  The  addition  to  melanotic  urine  of  a  few  drops  of  a  strong  so- 
lution of  perchloride  of  iron  will  cause  the  appearance  of  a  gray 
(»olor,  which  is  imparted  to  the  precipitate  of  phosphates  occurring  at 
the  time,  if  more  of  the  reagent  is  added,  and  which  dissolves  again 
in  an  excess. 

Phenol  Urines. — The  dovolopment  of  a  dark  brown  or  black  color 
u|K)n  standing  is  not  always  due  to  the  presence  of  melanin,  jis  the 
same  aj)pearance  may  be  noted  in  cjises  of  poisoning  with  carbolic 
acid,  following  the  ingestion  of  salol,  hydnK'hinon,  pyrocatochin,  and 
salicylic  acid,  etc.,  in  large  amounts.  The  color  in  such  cases  is  due, 
in  all  probability,  to  the  prcsoncv  of  various  oxidation-pn.>ducts  of 
hydrocliinon,  and  in  the  last  instance  j)ossihly  to  the  so-called  humin- 
suhstanees. 

The  test  referred  to  above  will  prevent  any  confusion  as  to  the 
(origin  of  the  color  noted,  as  far  as  melanin  is  concerned,  and  with  the 
history  of  the  ease  given,  moreover,  further  chemical  examination  is 
generally  unnecessary.  In  suspected  ea<es  of  carlK)lic  acid  ]x»ison- 
ing,  however,  the  mineral  as  well  as  the  conjugate  sulphates  should 

be  quantitatively  determined,  when  the  factor  -^  (see  Sulphates)  will 

])e  found  to  be  greatly  diminished.  If  at  the  same  time  other  factor.^ 
which  might  cause  a  greatly  increased  elimination  of  conjugate  sul- 
phates, can  be  excluded,  tin*  diagnc^sisof  poisoning  with  carl)olic  acid, 
or  one  of  its  derivaties,  niav  be  inferred.  Salol  and  salicvlic  acid 
may  be  recognized  from  the  fact  that  such  urines,  when  treated  with 
a  solution  of  perchloride  of  iron,  develoj)  a  marked  violet  color  which 
does  not  (lisapj)ear  on  standing.  The  reaction  thus  differs  from  that 
obtained  with  diacetic  acid.     See  also  j).  4.')2. 
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Alkapton. — Urines  are  at  times,  though  very  rarely,  seen,  which 
like  the  phenol  urines  turn  dark  on  standing,  but  in  which  the 
change  in  color  is  neither  referable  to  the  presence  of  phenol  or  its 
derivatives,  nor  to  melanin.  Such  urines  are  of  a  normal  color, 
when  passed,  but  gradually  turn  a  reddish-brown,  upon  exposure  to 
the  air.  Treated  with  a  small  amount  of  an  alkali,  this  change 
occurs  almost  immediately.  Fehling's  solution  is  reduced  on  the 
application  of  heat,  while  bismuth  is  not  aflfected.  Ammoniacal 
silver  solution  is  reduced  in  the  cold,  and  a  temporary  bluish-green 
color  develops,  when  the  urine  is  treated  with  a  ferric  salt.  The 
fermentation  test  is  negative,  and  examination  with  the  polarimeter 
shows  that  the  substance  in  question  is  not  glucose.  With  phenyl- 
hvdrazin  no  osazon  is  formed. 

Boedeker  who  first  observed  a  urine  of  this  kind  termed  the  sub- 
stance giving  rise  to  the  reactions,  just  described,  alkapton,  and  sub- 
sequently expressed  the  belief  that  his  alkapton  might  possibly  have 
been  pyrocatechin.  Subsequent  investigators  succeeded  in  isolating 
substances  from  such  urines,  which  have  been  variously  termed 
pyrocatechuic  acid,  urrhodinic  acid,  glycosuric  acid,  uroleucinic  acid 
and  uroxanthinic  acid.  Baumann  and  Wolkow  finally  were  able  to 
isolate  homogeniisinic  acid  in  pure  form  from  a  urine  of  such  a  case, 
and  expressed  the  belief  that  some  of  the  substances  obtained  by 
previous  observers  were  in  reality  the  same.  Since  that  time  this 
acid  has  also  been  found  by  Ogden,  Stange,  Ewaldstier  and  others. 
There  is  reason  to  believe,  however,  that  the  reaction  is  not  always 
due  to  one  and  the  same  substance. 

Of  the  origin  of  alkapton  very  little  is  known.  Baumann  ex- 
pressed the  opinion  that  homogentisinic  acid  might  be  derived  from 
tyrosin,  and  that  the  condition  is  referable  to  the  activity  of  special 
micro-organisms  in  the  upper  portion  of  the  intestines.  Others 
oppose  this  view  and  regard  alkaptonuria  as  evidence  of  a  definite 
metabolic  anomaly  taking  place  in  the  tissues  of  the  body.  How- 
ever this  may  be  alkaptonuria  can  scarcely  be  regarded  as  a  patho- 
logic phenomenon,  although  it  may  occur  in  disease.  It  has  thus 
been  observed  in  connection  with  glycosuria,  acute  gastro-intestinal 
catarrh,  phthisis,  acute  miliary  tuberculosis,  in  one  case  of  brain 
tumor,  carcinoma  of  the  prostate,  etc.  More  frequently  the  condi- 
tion is  accidentally  discovered  by  the  life  insurance  physician  in  ap- 
parently healthy  individuals,  and  has  repeatedly  been  confounded 
M'ith  glycosuria.  Like  cystinuria  and  diaminuria  it  may  occur  in 
families,  appear  in  childhood  already,  and  persist  through  many 
years  and  perhaps  a  life  time. 

The  amount  of  homogentisinic  acid,  which  is  eliminated  in  the 
twenty-four  hours,  is  variable,  but  usually  quite  large.  Baumann 
thus  found  an  average  elimination  of  4.6  grammes,  which,  in  one 
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case,  could  be  increased  to  14  grammes  hy  the  administration  of 
tyrosin.  Larger  quantities  are  also  obtained  after  a  liberal  inges- 
tion of  meats. 

To  isolate  homogentisinic  acid  from  alkapton  urines,  and  to  deter- 
mine its  amount,  Baumann's  method  may  be  employed.  The  col- 
lected amount  of  twentv-four  hours  is  acidified  with  250  c.c.  of  a 
12-per-cent.  solution  of  sulphuric  acid,  and  extracted  three  times 
with  an  equal  volume  of  ether.  The  ethereal  extract  is  evaporated 
to  a  syrup.  The  crystals,  which  separate  out  on  standing,  are  dis- 
solved in  250  c.c.  of  water.  This  solution  is  brought  near  the  lull- 
ing point,  and  is  then  treated  with  30  c.c.  of  a  neutral  acetate  of  lead 
solution.  (1  :  i3),  and  rapidly  filtered.  In  the  filtrate  the  lead  salt 
crystallizes  out  in  transparent  needles  and  prisms.  This  is  then  de- 
composed with  sulphuretted  hydrogen  and  the  filtrate  carefully  evap- 
orated on  the  water-bath,  until  the  fluid  begins  to  darken,  when  it  is 
further  concentrated  in  the  vacuum  to  the  poiiit  of  crystallization. 
The  resulting  prismatic  crystals  are  almost  colorless  and  transparent. 
They  melt  at  a  temperature  of  1 46.5^-147°  C,  and  are  readily  soluble 
in  water,  alcohol,  and  etlier,  and  almost  insoluble  in  chloroform, 
benzol,  and  toluol.  A  solution  of  the  acid,  which  may  thus  be  iso- 
lated in  pure  form,  presents  the  same  characteristics  as  the  urine  from 
which  it  was  obtained. 

The  following  method,  suggested  by  Garrod,  may  also  be  employed, 
and  has  the  advantage  of  greater  simplicity. 

The  urine  itself  is  heated  nearly  to  boiling,  without  any  preliminary 
treatment,  and  for  every  100  c.c.  of  urine  at  least  five  or  six  grammes 
of  solid  neutral  lead  acetate  are  added. 

As  soon  as  the  acetate  is  dissolved,  the  bulky  gray  precipitate 
which  forms  is  removed  by  filtratit)n,  and  the  filtrate,  w^hich  has  a 
pale  yellow  color,  is  allowed  to  stand  for  twenty-four  hours  in  a  cool 
place.  If  the  urine  be  very  rich  in  lioinop:entisinic  acid,  or  if  the  flask 
containing  it  be  placed  upon  ice,  minute  acicular  crystals,  which  are 
almost  colorless,  quickly  begin  to  ibnn,  but  as  a  rule  crystallization 
does  not  coranience  until  several  hours  have  elapsed.  The  crystals 
are  then  much  larger,  are  grou}>ed  in  stars  or  rosettes,  and  are  more 
deeply  colored. 

In  summer  weather  it  would  proba])ly  he  desirable  to  start  the 
crystallization  by  artificial  cooling,  but  although  at  a  low  temperature 
the  process  is  greatly  accelerated,  the  final  yield  is  not  materially 
increased. 

If  the  formation  of  the  crystals  be  lonj:;  delayed  the  liquid  may 
l>e  again  warmed,  and  some  more  lead  acetate  may  be  used. 

After  the  lapse  of  twenty-four  hours  no  more  crystals  are  formed, 
even  when  the  li(juid  is  allowed  to  stand  upon  ice. 

The  crystalline  product  so  obtained  is  lead  liomogentisinate.     When 
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the  crystals  are  dissolved  in  hot  water  the  solution  takes  a  deep  brown 
color  with  alkalies,  reduces  Fehling's  solution  readily  with  the  aid  of 
heat,  and  yields  a  transitory  deep  blue  color  with  a  dilute  solution  of 
ferric  chloride.  From  the  lead  salt  free  homogentisinic  acid  may 
be  obtained  by  decomposing  it  with  sulphuretted  hydrogen. 

Blue  Urines. — Blue  urines  are  sometimes  seen,  the  blue  color  of 
which  is  due  to  indigo  formed  from  urinary  indican,  in  all  proba- 
bility within  the  urinary  passages.  Their  occurrence  can  only  be 
regarded  as  a  medical  curiosity.  Formerly,  when  indigo  was  em- 
ployed in  the  treatment  of  epilepsy,  blue  urines  were  frequently 
seen.  At  the  present  time,  where  methylene  blue  is  occasionally 
used  in  the  treatment  of  malaria  and  chyluria,  the  pigment  is  found 
in  the  urine. 

Green  Urines. — Green  urines  have  also  been  described ;  the  cause 
of  the  color,  however,  has  not  been  definitely  ascertained. 

Pigments  Referable  to  Drugs. — Certain  drugs  may  also  cause 
changes  in  the  normal  color  of  urine,  and  in  doubtful  cases  inquiry 
in  this  direction  should  be  made.  It  has  been  pointed  out  that  car- 
bolic acid,  hydrochinon,  pyrocatechin,  and  salol  cause  the  appearance 
of  a  dark-brown  color,  and  that  after  the  administration  of  indigo 
and  methylene  blue  blue  urines  are  voided.  Santonin,  rheum,  and 
senna  color  urines  a  bright  yellow,  so  that  they  may  resemble  icteric 
urines  in  appearance.  The  yellow  color  in  such  cases  is  changed  to 
an  intense  red  by  the  addition  of  an  alkali,  and,  if  ammoniacal  fer- 
mentation is  going  on  at  the  same  time  in  the  bladder,  the  patient  may 
believe  himself  to  be  suflfering  from  hsematuria.  The  red  color  thus 
produced  is  due  to  the  action  of  the  alkali  upon  chrysophanic  acid. 
When  urines  containing  copaiba  are  treated  with  hydrochloric  acid  a 
red  color  results,  which  changes  to  violet  upon  the  application  of 
heat.  During  the  administration  of  potassium  iodide,  or  the  use  of 
iodine  in  any  form,  a  dark  mahogany  color  is  obtained,  when  tlie 
urine  is  treated  with  nitric  acid.  In  doubtful  cases  Stokvis'  modifi- 
cation of  Jaflr6's  test  for  indican  should  be  employed,  when  in  the 
presence  of  an  iodide  the  chloroform  assumes  a  beautiful  rose-red 
color. 

For  the  detection  of  other  drugs  and  poisons  in  the  urine  the 
reader  is  referred  to  special  works. 

Ehrlich's  Reaction. — Under  certain  pathologic  conditions,  and  espe- 
cially in  typhoid  fever,  a  chromogen  may  be  present  in  the  urine, 
which,  when  treated  with  diazo-benzene-sul phonic  acid,  and  ammonia, 
imparts  a  distinct  red  color  to  the  urine,  varying  from  eosin  to 
a  deep  garnet-red  (Plate  XVI.).  This  reaction,  which  is  generally 
spoken  of  as  Ehrlich's  reaction,  or  the  diazo-reaetion,  was  at  one 
time  regarded  as  pathognomonic  of  typhoid  fever.  Subsequent  ex- 
aminations, however,  have  shown  that  it  may  also  be  present  in  other 
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diseases.  Michaelis^  who  has  made  an  exhaustive  study  of  this  ques- 
tion, divides  the  diseases,  in  which  the  reaction  has  been  observed,  into 
four  groups.  In  the  first  group,  comprising  diseases  of  the  nervous 
system,  chronic  diseases  of  the  heart  and  kidneys,  malignant  tumors, 
etc.,  the  reaction  is  rarely  seen.  When  present  it  usually  indicates  a 
secondary  infection.  The  second  group  includes  those  diseases,  in 
which  the  reaction  is  almost  always  present,  namely  typhoid  fever 
and  measles.  In  the  diseases  of  the  third  group  it  is  often,  though 
not  invariably,  observed.  Under  this  group  are  classed  scarlet  fever, 
erysipelas,  pneumonia,  diphtheria,  pyaemia,  acute  miliary  tubercu- 
losis, etc.  The  fourth  group  finally  comprises  pulmonary  tubercu- 
losis, and  includes  acute  caseous  pneumonia. 

The  value  of  the  reaction  in  typhoid  fever  was  first  over-esti- 
mated, but  is  at  present  certainly  imderestimated.  I  have'personally 
studied  this  problem  with  great  care,  and  after  ten  years*  experience 
maintain,  as  I  did  eight  years  ago,  that  the  test  is  a  most  important 
diagnostic  aid  in  the  disease  in  question.  As  a  general  rule  the  re- 
action is  present  as  early  as  the  fifth  or  sixth  day  and  may  persist 
into  the  third  week ;  it  then  disappears,  but  may  reappear,  when  a 
relapse  occurs.  Excepting  in  children,  its  absence  from  the  fifth  to 
the  ninth  day  usually  indicates  a  mild  case.  This  rule,  however,  is 
not  without  exception,  and  I  have  seen  a  case  of  typhoid  fever,  in 
which  notwithstanding  exceedingly  high  temperatures  (106.5  at  6 
A.  M.),  the  reaction  was  not  obtained  until  the  beginning  of  the 
third  week,  and  then  persisted  only  for  a  few  days.  When  the  re- 
action is  continuously  present  after  the  third  week  I  am  inclined  to 
suspect  acute  tuberculosis. 

Of  lute  much  attention  has  been  paid  to  the  occurrence  of  Ehrlieh's 
reaction  in  pulnionarv  phthisis.  As  a  result  of  his  investi^itions 
Michaelis  concludes  that  its  presence  in  such  cases  either  indicates, 
that  the  process  is  very  extensive,  or  will  progress  very  rapidly,  and 
that  the  prognosis  is  grave.  A  cure,  he  thinks,  is  impossible,  and 
improvement,  if  any,  only  temporary.  His  conclusions,  in  the  main 
points,  coincide  with  the  results  obtained  by  others,  but  it  miist  be 
admitted  that  exceptions  occur.  Personally  I  regard  the  outlook  as 
very  bad  in  those  cases,  in  which  the  reaction  is  almost  constantly 
present,  even  if  the  physical  si^ns  are  as  yet  but  little  pronounced. 

Of  the  nature  of  the  i)0(ly  which  gives  rise  to  Ehrlieh's  reaction 
nothing  is  known,  v.  Jaksch  regards  the  test  as  an  uncertain  indica- 
tion of  the  presence  of  acetone,  but  that  this  is  not  the  case  can  be 
easilv  shown. 

As  the  preparation  of  chemically  pure,  crystalline  diazo-com- 
pounds  is  a  difficult  process,  Ehrlich  uses  sulphanilic  acid,  which, 
when  treated  with  nitrous  acid,  in  a  nascent  state,  gives  rise  to  the  for- 
mation of  diazo-benzene-sulphonic  acid,  as  is  shown  by  the  equations  : 
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1.        NaNO,  +  Ha  =  NaCI  +  HNO, 
NH,  ^ 

Para-amido-  Diazo-benzene- 

beDzeDe-ftuIphonic  acid.  sulphooic  acid. 

This  is  the  active  principle  in  the  mixture  employed. 

Other  compounds  may,  of  course,  also  be  used,  such  as  meta-amido- 
benzene-sulphonic  acid,  ortho-  and  para-toluidin-sulphonic  acid,  etc.; 
but  of  all  these  Ehrlich  found  the  common  sulphanilic  acid  the  most 
convenient.  Two  solutions,  which  must  be  kept  in  separate  bottles, 
are  employed.  The  one  is  a  5-per-cent.  solution  of  hydrochloric 
acid,  to  which  sulphanilic  acid  is  added  in  the  proportion  of  1  granmie 
for  every  100  c.c.  The  other  is  an  0.5-per-cent.  solution  of  sodium 
nitrite. 

The  two  solutions  are  mixed,  immediately  before  using,  in  the 
proportion  of  40  to  1.  A  few  cubic  centimetres  of  urine  are  then 
treated  with  an  equal  volume  of  the  reagent,  the  mixture  is  shaken 
and  rendered  alkaline  with  ammonium  hydrate.  This  is  best  allowed 
to  flow  down  the  sides  of  the  tube,  so  as  to  form  a  layer  above  the 
mixture.  At  the  junction  of  the  two  fluids  a  colored  ring  will  now 
be  observed.  With  urines  which  do  not  contain  the  chromogen  this 
will  be  a  more  or  less  distinct  orange,  while  in  ks  presence  a  red 
color  is  obtained.  The  intensity  of  this  color  may  vary  from  eosin 
to  a  deep  garnet-red.  If  the  mixture  is  now  agitated  and  the  reac- 
tion is  positive,  the  foam  will  likewise  be  colored  red,  and  upon  pour- 
ing the  solution  into  a  porcelain  basin,  containing  much  water,  a 
beautiful  salmon  color  is  obtained,  even  if  traces  of  the  chromogen 
only  are  present.  Carried  out  in  this  manner  no  question  will  arise 
as  to  the  presence  or  absence  of  the  reaction.  Ehrlich  states  that  on 
standing  a  green  sediment  is  thrown  down  in  the  alkalinized  mixture, 
and  he  regards  this  sediment  as  especially  characteristic.  My  expe- 
rience has  been  that  this  occurs  only  when  the  color-reaction  is  well 
pronounced,  and  I  am  inclined  to  attach  more  importance  to  the 
salmon  color  obtained  upon  copious  dilution.  With  normal  urines 
this  is  never  obtained,  and  it  can  still  be  seen  when  inspection  of  the 
fluid  in  the  test-tube  would  leave  in  doubt. 

The  older  method  of  Ehrlich  I  have  now  abandoned,  as  the  test 
just  described  is  simpler  and,  in  my  experience,  just  as  reliable.  He 
advised  the  addition  of  about  50  c.c.  of  absolute  alcohol  to  10  c.c.  of 
urine,  subsequent  filtration  and  examination  of  the  filtrate,  as  just 
described. 

Greene  states  that  if  one  part  of  the  sodium  nitrite  solution  is 
added  to  hundred  instead  of  forty  parts  of  the  sulphanilic  acid  solution, 
a  positive  reaction  is  no  longer  obtained  in  cases  of  croupous  pneu- 
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monu  and  of  palmooaiy  cutiiercalneis,  while  in  trpboid  fever  the  re- 
action occur?  with  the  =ame  intensity.  It  is  thus  possible  that  the 
test   mav  be  ?tili  farther  m<:»iided.  and  become  even  more  valuable. 

While  in  the  absence  of  the  dir>ni«3gen«  a$  I  have  already  stated, 
a  more  or  Ie<$  pron«>nnceii  oranze  ci>lor  i«  nsoally  obtained,  certain 
exception.^  have  been  notel.  Ehrlich  thas  records  that  in  urines, 
orintainin^  biliary  ei>lorinsr  matter,  an  intensely  dark,  cloody  discol- 
oration occurs  at  times,  which  ap>n  bi>iling,  is  changed  to  a  well- 
marked  reddish-violet.  In  rare  instances  of  ulcerative  endocarditis, 
hepatic  absct-rrs.  and  intermittent  tever.  Ehrlich  fnrther  observed  an 
intense  yoke-yellow  color,  which  was  even  imparted  to  the  foam.  In 
one  instance,  in  which  glyc«>?uric  acid  apparently  was  present  in  the 
urine  I  obtained  a  dark  bn>wn  olor  on  standing,  which  ultimately 
turned  to  black.  Of  further  interest  is  the  observation  of  Bur]ghart, 
that  after  the  admin Lst ration  of  tannic  acid,  gallic  acid,  and  certain 
iodine  preparations  Ehrlich's  reaction  disappears  from  the  uiine. 
But  as  Burghart  himself  suggests  it  is  likely  that  this  inhibitory 
effect  is  not  exerted  u{)on  the  diazo-forming  substance,  but  upon  the 
reagent  employed. 

Coigngate  Sulphates. — In  addition  to  indoxyl  (see  Indican), 
skatoxyl,  phenol,  paracresol,  and  pyrocatechin  occur  in  the  urine  in 
combination  with  sulphuric  acid. 

Skafoxt/f. — Skatoxyl  results  from  the  skatol  formed  during  the 
process  of  intestinal  putrefaction,  as  indoxyl  is  derived  from  indol, 
and  is  partly  eliminated  in  the  urine  as  skatoxyl  sulphate.  Clinic- 
ally it  is  of  little  interest,  as  the  amount  excreted  is  very  small,  and 
it  is  not  necos.sary  to  enter  into  a  further  consideration  of  its  chem- 
ical properties  or  modes  of  detection  at  tliis  place  (see  Feces). 

Phf'noL — Phenol,  aocordinir  to  Briegor,  occurs  only  in  very  small 
amounts  in  liiunan  urine,  the  u<ual   phenol  reactions  being    lar^lv 
referable  to  paracresol.    Xormally  about  0.0:3  <rranime  is  eliminated  in 
the  twenty-four  hours,   but  in   pathologic  conditions  much    larger 
quantities  may  be  found.     Jtemenil)erin<;  the  origin  of  phenol,  it  is 
clear  that  an  increased  elimination  may  be  observed,  wheuever  putre- 
factive j)roee.sses  are  going  on  in  the  tissues  and  cavities  of  the  lx)dv, 
or  whenever  there  is  an  increase  in  the  degree  of  intestinal  putre- 
faction, though  in  the  latter  condition  the  indican  is  usually  the  onlv 
conjugate  sulj)hate  that   is  found  increased.     In  peritonitis,   diph- 
theria, (irysij>elas,  scarlatina,  enipycnia,  pulmonary  gangrene,  putrid 
bronchitis,  etc.,  an  increased  elimination  of  phenol  is  (juite  commonly 
Hcen.      Important  from  a  diagnostic  standpoint,  further,  is  the  fact 
that  in  uneomplieated  eases  of  ty})hoid  fever  no  increase  is  observtKl, 
while  this  is  eomnion  in  tubercular  meningitis.     The  largest  amounts, 
of  ('ourse,  are  seen  in  eases  of  poisoning  with  carbolic  acid,  or  one  of 
its  derivatives. 
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As  the  quantitative  estimation  of  phenol  is  too  complicated  for  the 
purposes  of  the  general  practitioner,  Salkowski's  qualitative  test  is 
here  also  described.  From  the  intensity  of  the  reaction  certain  con- 
clusions may  be  drawn  as  to  the  amount  present.  It  is  especially 
serviceable  in  cases  of  suspected  poisoning  with  carbolic  acid. 

SalkowskTs  Test  for  Phenol, — To  this  end  about  10  c.c.  of  urine  are 
boiled  in  a  test-tube  with  a  few  cubic  centimetres  of  nitric  acid,  and, 
on  cooling,  treated  with  bromine-water.  The  development  of  a  pro- 
nounced turbidity,  or  the  occurrence  of  a  precipitate  indicates  the 
presence  of  an  increased  amount  of  phenol. 

Quantitative  Estimation. — Principle :  When  potassium-phenyl 
sulphate  is  treated  with  hydrochloric  acid,  phenyl  sulphate  results, 
which  further  takes  up  one  molecule  of  water,  giving  rise  to  the  for- 
mation of  sulphuric  acid  and  phenol,  according  to  the  following 
equations : 

I.     SO,<^  +  HCl  =  KCl  +  S0,<:^ 


II.    S0,<(^ 


O.CeHs  OH 

+  H,0  =  S0,<^        +  CeHj.  OH. 
OH  ^OH 


From  the  action  of  bromine-water  upon  phenol  a  yellowish-white 
crystalline  precipitate  of  tribromophenol  results  : 

CeH^.OH  +  6Br  =  3HBr  +  CeH,Br,.OH. 

As  331  (molecular  weight)  parts  by  weight  of  tribromophenol 
correspond  to  94  (molecular  weight)  parts  by  weight  of  phenol,  the 
amount  of  the  latter  contained  in  a  certain  volume  of  urine  is  readily 
determined  according  to  the  equation  : 

331  :  94  :  :  X  :  y,  and  y  =  *-^p  =0.28398  x, 

in  which  x  indicates  the  weight  of  the  tribromophenol,  found  in  the 
amount  of  the  urine  employed,  and  y  the  corresponding  quantity  of 
phenol. 

Method. — 500-1,000  c.c.  of  urine  are  treated  with  one-fifth  of 
this  amount  of  dilute  hydrochloric  acid  (1  :  4),  and  distilled  so  long 
as  a  specimen  of  the  distillate  is  rendered  cloudy  by  the  addition  of 
bromine-water  (1  :  30),  the  specimens  used  for  this  purpose  being 
carefully  preser\'ed.  The  total  quantity  of  the  filtered  distillate, 
together  with  the  specimens  which  have  been  set  aside,  is  now 
treated  with  bromine  water,  shaking  the  mixture  after  each  addition 
of  the  reagent,  until  a  permanent  yellow  color  results.  Beyond  this 
point  a  further  addition  is  beset  with  danger,  as  compounds  will  be 
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formed  which  contain  more  bromine^  the  presence  of  which  woold 
indicate  a  smaller  amount  of  phenol  than  that  actually  contained  in 
the  urine.  After  two  or  three  days  the  precipitate  is  collected  on  a 
filter,  which  lias  l)een  drie<l  over  sulphuric  acid,  washed  with  water 
aiutainiug  a  trace  of  bromine,  and  then  dried  over  sulphuric  acid  and 
weighed. 

Pyrocatechin. — Urines  containing  pyrocatechin,  like  those  con- 
taining hydrochinon  (see  above),  darken  u{K)n  standing,  though  pre- 
senting a  normal  color,  when  voided. 

Acetone. 

The  amount  of  a(*etone  which  may  be  found  in  the  urine  under 
normal  conditions  varies  l)etween  0.008  and  0.027  granune,  and  is 
greatly  influenced  by  the  character  of  the  diet.     Whenever  the  carbo- 
hydrates are  withdrawn  the  quantity  rapidly  increases,  and  reaches 
its  maximum  about  the  seventh  or  eighth  day.     At  this  time  from 
200  to  700  mgrms.  may  l>e  eliminated  in  the  twenty-four  hours. 
If,  then,  carbohydrates  are  again  added  to  the  diet  the  acetonuria 
soon  disappears.     This  result  is  not  reached,  however,  if  fats  are  sub- 
stituted for  the  carbohydrates.     The  acetonuria  is  greatest  when  but 
little  albuminous  fcK)d  and  no  carbohydrates  at  all  are  ingested,  and 
during  starvation  the  same  amounts  are  essentially  found.     There 
can  hence  be  no  doubt  that  acetone  is  derived  from  proteid  material, 
be  this  in  the  form  of  organized  or  circulating  albumin.     Increased 
amounts  are  accordingly  found  whenever,  as  in  fevers,  the  various 
cachexias,  in  conditions  associated  with  inanition,  etc.,  large  quantities 
of  eireulatintr  albumin  are  broken  down,  or  whenever  carbohydrates 
are  not  furnished  in  suttieient  amount. 

Most  im|)ortant  is  the  dialx'tie  form  of  aeetonnria,  and  it  may  be 
stated,  as  a  general  rule,  tliat  the  diairnosis  ofdial)etes  mellitus  is  justi- 
fiable, whenever  su^ar  and  notable  (luantities  of  acetone  are  found  in 
the  urine.     Tlie  amount  of  aeetone,  moreover,  stands  in   a   direct 
relation  to  the  intensity  of  the  disease,  the  maximum  excretion  being 
usually  observed  toward  the  fatal  end.     Whether  or  not  this  form  of 
acetonuria  can  always  be  explained  upon  the  basis  given  above  must 
still  remain  an  ojM»n  question.    Tlierr  can  be  no  doubt,  however,  that 
the  threatening  symptoms  which  are  so  commonly  associated  with  a 
greatly  increased  elimination  of  acetone,  will  often  disappear  when 
earl )ohy(l rates  are  administered   in   large  amounts.     It   is  certain, 
moreover,  that  diabetic  coma  is  more  apt   to  occur  when  the  old- 
fashioned  j>lan  of  excluding  carb(>hy(l rates  entirely  from  the  dietary 
of  diabetic  patients  is  adopted,     llirschf'eid  suggests  that  in  every 
C41SC  of  dialK'tes  the  excretion  of  acetone  be  carefullv  followed,  and 
that  large  amounts  of  earhohydnites  are  administered  whenever  the 
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acetonuria  approaches  a  dangerous  height.     With  his  experience  my 
own  agrees. 

Among  the  febrile  diseases  in  which  acetonuria  has  been  observed 
may  be  mentioned  typhoid  fever,  pneumonia,  scarlatina,  measles, 
acute  miliary  tuberculosis,  acute  articular  rheumatism,  and  septi- 
cemia. In  those  of  short  duration,  on  the  other  hand,  even  if  the 
fever  is  high,  as  in  acute  tonsillitis,  intermittent  fever,  the  hectic 
fever  of  phthisis,  etc.,  an  increased  elimination  of  acetone  is  rarely 
observed.  In  the  continued  fevers  the  acetonuria  is  largely  referable 
to  the  character  of  the  diet,  as  carbohydrates  are  usually  excluded 
entirely,  and  I  have  repeatedly  observed  that  a  return  to  the  normal 
occurred,  as  soon  as  sugar  was  administered  in  amounts  varying  from 
50  to  100  grammes. 

In  certain  nervous  and  mental  diseases,  as  in  general  paresis,  mel- 
ancholia, following  epileptic  seizures,  and  in  tabes,  acetonuria  is  fre- 
quently observed.  During  the  second  stage  of  general  paresis  in- 
creased amounts  are  indeed  quite  constantly  found,  but  Hirschfeld  is 
probably  correct  when  he  states  that  the  psychotic  form  of  acetonuria 
is  largely  referable  to  improper  feeding. 

In  the  primary  diseases  of  the  stomach,  and  notably  in  carcinoma, 
acetonuria  is  frequently  observed,  and  it  is  possible  that  the  ace- 
tone in  these  cases  is  to  some  extent,  at  least,  formed  in  that  organ 
directly  from  the  proteids  ingested.  The  fact  that  in  carcinoma 
acetone  may  be  observed  at  a  tioie  when  marked  loss  of  flesh  has  not 
as  yet  occurred,  and  that  larger  amounts  of  acetone  may  be  found  in 
the  stomach  than  in  the  urine,  is  certainly  in  favor  of  Uiis  view. 

The  acetonuria  following  chloroform  narcosis  is  probably  referable 
to  an  increased  destruction  of  organized  albumin.  Finally,  the  pos- 
sibility of  the  occurrence  of  an  enterogenic  form  of  acetonuria  must 
be  borne  in  mind.  The  cases  of  so-called  asthma  acetonicum  prob- 
ably belong  to  this  class. 

Tests  for  Acetone. — Legal's  Test. — This  test  may  be  applied 
to  the  freshly  voided  urine,  but  is  not  conclusive.  Several  c.c.  of 
urine  are  treated  with  a  few  drops  of  a  strong  solution  of  sodium- 
nitro-prusside  and  sodium  hydrate,  when  the  mixture  will  present  a 
red  color,  which  rapidly  disappears,  and  in  the  presence  of  acetone  is 
replaced  by  a  purple  or  violet-red  when  acetic  acid  is  added.  As  a 
rule,  it  is  safer  to  distil  the  urine  (500-1,000  c.c),  after  the  addition 
of  a  little  phosphoric  acid  (1  gramme  pro  litre),  and  to  employ  the 
first  10-;30  c.c.  of  the  distillate  for  the  following  two  tests. 

LiEBEx's  Test. — A  few  c.c.  of  the  distillate  are  treated  with 
several  drops  of  a  dilute  solution  of  iodo-potassic  iodide  and  sodium 
hydrate,. when  in  the  presence,  even,  of  traces  of  acetone  a  precipita- 
tion of  iodoform  in  crystalline  form  occurs,  which  may  be  readily 
recognized  by  its  odor  when  the  solution  is  heated. 
29 
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Rf-W»Li;'-r  T£>T. — A  rVw  cj:.  ..f  di«  •ii?dlbse  are  treated  with  a 
^mali  am#/<;n:  of  rn*hlj  pre-ipitat**!  v^Cow  onie  of  mercnrv.  This 
U  ^tT^ifSiT^  bj  pf^^fHiaiiiiir  a  'H.'Iati«'ii  •:•!  U^faJoride  of  mercnrT  witk 
an  ai'.f^ii*.'!ic  '^.•lation  of  «<>iinm  hjiirur.  If  acetone  is  pre^nc  i 
\}]s»f:]k.  rfA'jT.  (iu^  t<>  the  f  •rmari«>Q  '.f  'mlphi'ie  of  mermry,  will  result 
in  tl^i^  'ri'^ar  tilt  rate  api>a  tfa^  aii«iiti*>a  of  a  few  drops  of  anunoiuam 
snlphi'l*:. 

I^kvnKtL-'  Tf>t.  .v«  Moi»iflel»  by  OppEyHEncER. — ^The  re- 
a^nt  i?;  prepor^  a.^  f«>Il<  •  w*  :  2< '  gramme  of  oxicentTated  snl]Aaric 
ar.id  are  jn^unid  into  l»»«i  ,;.c.  of  dL*tilIe«i  water,  wben  o  grammes  of 
fre^rhly  prepared  yellow  oxide  t^f  mercury  isee  ReynoId^s  test)  are 
added.  The  mixture  i^  allowe«l  to  stanii  for  twenty-four  hours  and 
L»  then  readv  for  u-se. 

Thi.-  reaj^nt  i.t  anideil  to  alj<>ut  3  c.c.  of  orine,  drop  by  drop,  mitil 
the  precipitate,  which  Ls  thu:*  f«jrmed«  no  longer  disappears  on  stir- 
ring.    When  thLs  p>int  is  reacheii  a  tew  more  drops  are  added. 
After  2-^>  minute:*  the  precipitate  L?  filtered  off.     The  clear  filtrate 
Li  further  treatetl  with  aVjout  2  c.c.  •>f  the  reagent,  and  ft— 4  c.c,  of  a 
SO-per-^.-ent.  solution  of  sulphuric  aci«l,  and  boiled  for  a  minute  or 
two,  or  still  Jjetter,  place^l  in  a  veszsel  with  boiling  water.      In  the 
prvr^ence  of  an  abundant  amount  of  acetone,  a  heavy  white  pieciin- 
tate  fornix  immcfliately,  while  in  the  presence  of  traces   onlv  (less 
than  1  :-*>0<><J0),  a  slight  cloud  develop?  on  standing  for  severEd  min- 
utes.    The  prwMpitate  i?*  almost  entirely  soluble  in  an  excess  of  hv- 
dnx*hloric  acid. 

If  alliiimin  is  present,  the  urine  becomes  turbid  at  once,  ivhen  the 
reafr^-Ht  is  arld^rd.  In  that  ca-e  the  test  is  c<intinued  as  described,  at- 
tention beinjr  direr-ted  tu  the  n»arrier  precipitate  which  txx^urs  later. 
In  j-\U'h  urine-  lar^e  amounts  «»f  the  reagent  mast  In?  addeil,  the  idea 
lxiin;r  to  j>nf:ipitate  every tliin>r  that  can  he  precipitatetl  with  the  re- 
figent,  FK'fore  lieatinjr. 

It  will  he  r»hs«.Tv<Hl  that  Denni;res'  test  is  much  simpler  than  the 
tests  already  desr-rihed,  and  OpjK'nheinier  claims  that  it  is  as  delicate 
us  that  of  I/u'lM?n,  viz,  ^ivini:  a  well-pmnounixxl  reaction  with  a 
dilution  of  1  :  20000,  and  hcin^  still  discernible  with  a  dilution  of 
1  :  OOOOO.  As  diaceti<'  acid  vields  acetone,  when  treated  with  mineral 
acids,  a  j)ositive  result  is  always  ol)tained  when  this  is  present.  But 
JLS  diaeetic  acid  is  nsnallv  onlv  found  in  association  with  acetone, 
this  fact  (hM's  not  lessen  the  value  of  the  test,  and  is  an  error,  more- 
over, whiirh  is  common  to  the  other  tests  as  well. 

(irANTiTATiVE  ESTIMATION  OF  ArKTosv., — For  the  purposc  of 
estimatin^r  tli<»  amount  of  acetone  the  method  of  Messinger,  as  modi- 
ficnl  hy  Iluppert,  is  now  em])loy(K.l,  and  greatly  to  be  preferred  to  the 
older  ])rocedur(;  of  v.  Jakseh. 

Principle  :  It  is  based  upon  the  observation  of  Liebcn  that  acetone 
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gives  rise  to  the  formation  of  iodoform  when  treated  in  an  alkaline 
solution  with  iodine.  If,  then,*a  solution  of  acetone  is  treated  with  a 
known  amount  of  iodine,  it  is  a  simple  matter  to  determine  the  quan- 
tity present  by  retitrating  the  iodine  which  was  not  used  in  the  for- 
mation of  iodoform. 
Solutions  required : 

1.  Acetic  acid  (50-per-cent.  solution). 

2.  Sulphuric  acid  (12-per-cent.  solution). 

3.  Sodium  hydrate  solution  (50  per  cent.). 

4.  A  decinormal  solution  of  iodine. 

5.  A  decinormal  solution  of  sodium  thiosulphate. 

6.  Starch  solution  (see  p.  174). 
Preparation  of  the  solutions  : 

1.  The  decinormal  solution  of  iodine  is  prepared  as  described  else- 
where (see  p.  173). 

2.  As  the  molecular  weight  of  sodium  thiosulphate — Na^^Oj  + 
5H2O — is  248,  a  decinormal  solution  of  the  salt  would  contain  24.8 
grammes  to  the  litre.  This  quantity  is  dissolved  in  about  950  c.c. 
of  distilled  water,  and  brought  to  the  proper  strength  by  titration 
with  a  decinormal  solution  of  iodine.  As  1  c.c.  of  the  thiosulphate 
solution  should  correspond  to  1  c.c.  of  the  iodine  solution,  the  neces- 
sary amount  of  water  which  must  be  added  to  the  former  is  then  de- 
termined. 

Method  :  One  hundred  c.c.  of  urine,  or  less,  if  much  acetone  is 
present,  as  determined  by  L^al's  test,  are  treated  with  2  c.c.  of  the 
acetic-acid  solution  and  distilled,  until  seven-eighths  of  the  total 
amount  have  passed  over.  The  distillate  is  received  in  a  retort 
which  is  connected  with  a  ball  arrangement  filled  with  water.  As 
soon  as  seven-eighths  of  the  urine  have  been  distilled  over,  a  small 
amount  of  the  distillate  of  the  remainder  is  tested  for  acetone  accord- 
ing to  Lieben's  method.  Should  a  positive  reaction  be  obtained,  it 
will  be  necessary  either  to  repeat  the  entire  process  with  less  urine, 
diluted  to  about  200  c.c,  or  to  add  about  100  c.c.  of  water  to  the 
residue  and  to  distill  until  all  the  acetone  has  been  driven  over.  The 
distillate  is  then  treated  with  1  c.c.  of  the  sulphuric  acid  and  redis- 
tilled. The  addition  of  the  acetic  acid  and  of  the  sulphuric  acid,  re- 
spectively, serves  the  purpose  of  holding  back  the  phenol  and  the 
ammonia.  Should  the  first  distillate  contain  nitrous  acid,  moreover, 
w  hich  may  be  recognized  by  the  addition  of  a  little  starch  paste  con- 
taining a  trace  of  potassium  iodide,  when  the  solution  will  turn  blue, 
this  is  removed  by  adding  a  little  urea.  The  second  distillate  is  re- 
ceived in  a  bottle  provided  with  a  well-ground  glass  stopper,  and 
holding  about  one  litre.  To  prevent  the  escape  of  acetone,  the  glass 
stopper  is  replaced  by  a  doubly  perforated  cork,  through  which  two 
glass  tubes  pass,  one  to  the  distilling  apparatus,  the  other  to  a  ball 
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arrangement,  as  described  above.  The  distillate  is  then  treated  with 
a  carefully  meajfured  qHantity  of  the  one-tenth  normal  solution  of 
iodine, — about  10  c.c.  for  l(K)c.c.  of  urine, — and  sodium  hydrate  so- 
lution, until  the  iodoform  separates  out.  To  this  end  a  slight  exoes 
of  the  solution  must  be  added.  Should  ammonia  be  present,  a 
blackish  cloud  will  be  observed  at  the  zone  of  contact  of  the  sodium 
hydrate  and  the  iodine  solution,  and  it  \rill  be  necessary  to  repeat 
the  entire  process.  The  bottle  is  closed  and  shaken  for  about  one 
minute.  The  solution  is  then  acidified  with  concentrated  hydro- 
chloric acid,  when  the  mixture  assumes  a  brown  color  if  iodine  is 
present  in  excess.  If  this  does  not  occur,  more  of  the  iodine  solu- 
tion must  be  added,  and  the  process  repeated  until  an  excess  is  pres- 
ent. The  excess  is  then  retitrate<I  with  the  thiosulphate  solution, 
until  the  fluid  presents  a  faint-yellow  color.  A  few  c.c.  of  starch  solu- 
tion are  now  added ;  the  titration  is  then  continued  until  the  last 
trace  of  blue  has  disappeartnl.  The  number  of  c.c.  employed  in  the 
titration  is  final Iv  deducted  from  the  total  amount  of  the  iodine  solu- 
tion  added,  and  the  result  multiplied  with  0.967.  The  figure  thus 
obtained  will  then  indicate  the  amount  of  acetone  contained  in  the 
100  c.c.  of  urine,  in  mgrms.,  as  1  c.c.  of  the  thiosulphate  solution  Is 
equivalent  to  1  c.c.  of  the  iodine  solution,  or  to  0.967  mgrm.  of  ace- 
tone. 

Diacetic  Acid. 

The  occurrence  of  diacetic  acid  in  the  urine  must  always  be  re- 
garded as  abnormal.  Its  pathologic  significance  is  identical  w4th  that 
of  acetonuria.  It  is  met  with  especially  in  diabetes,  in  various  diges- 
tive diseases,  and  in  febrile  diseases.  In  the  high  and  continued 
fevers  of  childhood  it  is  almost  constantly  j)resent. 

In  order  to  demonstrate  the  presence  of  diacetic  acid  a  few  c.c.  of 
urine  are  treated  with  a  strong  solution  of  perch loride  of  iron,  added 
drop  l)v  drop.  Should  a  precipitation  of  pliosphates  occur,  these  are 
filtered  off,  when  more  of  the  iron  solution  is  added  to  the  filtrate. 
If  now  a  Bordeaux-red  color  appears,  another  portion  of  the  urine 
is  boiled  and  similarly  treated.  If  in  the  second  test  no  reaction  is 
obtained,  a  third  portion  of  the  urine  is  treated  with  sulphuric  acid 
and  extracted  with  ether.  A  positive  reaction,  when  tlie  ethereal 
extract  is  tested  with  perchloride  of  iron,  the  color  disappearing 
u|>on  standing  for  twenty-four  to  forty-eight  hours,  will  indicate  the 
presence  of  diacetic  acid,  particularly  if  the  urine  is  also  rich  in  acetone. 

Aknoli>'.s  Thi<T, — Two  solutions  are  employed,  viz,  a  solution  of 
paraniidd-aceto-j)henon,  and  a  one-per-cent.  solution  of  sodium 
nitrite.  The  first  is  prepared  by  dissolving  one  gramme  of  para- 
mido-aceto-phenon  in  from  S()-l()()  c.c.  of  distilled  water,  and  add- 
ing hydrochloric  acid,  drop  by  drop,  until  the  solution,  which  at 
first  is  yellow,   becomes  perfectly  colorless ;   an    excess,  however. 
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should  be  avoided.  Immediately  before  using,  the  two  solutions  are 
mixed  in  the  proportion  of  two  to  one.  A  few  cubic  centimetres  of 
the  reagent  are  then  treated  with  an  equal  volume  of  urine,  when  a 
few  drops  of  ammonia  are  added.  Thus  treated,  all  urines  give  a 
more  or  less  marked  brownish-red  color  on  agitation,  and  if  much 
diacetic  acid  is  present,  an  amorphous  reddish-brown  sediment  is 
thrown  down.  A  small  amount  of  the  colored  solution  is  then 
placed  in  a  conical  glass  and  treated  w4th  an  excess  of  concentrated 
hydrochloric  acid  (10-12  c.c.  for  every  1  c.c).  In  the  presence  of 
diacetic  acid  the  mixture  assumes  a  beautiful  purplish-violet  color. 
According  to  Arnold,  the  test  is  more  delicate  than  that  of  Grer- 
hardt,  and  does  not  respond  with  acetone  or  oxy-butyric  acid.  With 
bilirubin  and  the  common  antipyretics,  as  well  as  salicylic  acid,  no 
reaction  is  obtained.  Highly  colored  urines  should  first  be  filtered 
through  animal  charcoal. 

Oxybutjrric  Acid. 

The  fact  that  in  some  cases  of  diabetes  an  excessive  elimination  of 
ammonia  was  observed,  led  to  the  belief  that  there  must  be  present  an 
unknoNni  acid ;  this  was  shown  to  be  ^9-oxybutyric  acid.  The  occur- 
rence of  this  acid  in  the  urine  of  diabetic  patients  is  of  great  clinical 
interest,  as  a  probable  connection  has  been  established  between  its 
presence  in  the  blood  and  diabetic  coma.  The  latter  condition  is 
explained  by  assuming  that  the  diabetic  patient  is  unable  to  furnish 
sufficient  quantities  of  ammonia  to  neutralize  the  acids  formed  in  the 
tissues  of  the  body,  the  alkalies  of  the  blood  being  consequently  at- 
tacked. A  prophylactic  treatment  ^vith  alkalies,  such  as  intravenous 
injections,  has  hence  been  suggested  in  severe  cases.  This,  however, 
is  a  mere  theory,  and  the  fact  that  a  case  of  diabetic  coma  has  been 
reported  in  which  the  alkalinity  of  the  blood  was  not  diminished, 
and  in  which  recovery  took  place  without  the  use  of  alkalies,  renders 
the  correctness  of  the  hyjK)thesis  rather  doubtful.  Possibly  the  cause 
of  the  coma  is  due  to  the  presence  of  toxins  circulating  in  the  blood, 
which  cause  an  increased  tissue-destruction,  with  a  simultaneous 
formation  of  acetone  and  abnormal  acids. 

The  presence  of  oxybutyric  acid  may  always  be  regarded  as  indi- 
cating a  severe  type  of  the  disease,  and  when  associated  with  marked 
acetonuria  and  diaceturia  as  indicating  danger  of  coma. 

The  presence  of  oxybutyric  acid  may  be  inferred  in  diabetic 
urines,  if  after  fermentation  a  rotation  of  the  plane  of  polarized 
light  to  the  left  is  observed. 

Lactic  Acid. 

Sarco-lactic  acid  is  normally  absent  from  the  urine,  but  is  met  with 
in  pathologic  conditions,  and  particularly  in  hepatic  diseases,  as  the 
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liver  is  normally  concerned  in  the  decompoeition  of  lactic  acid  and 
of  the  lactates  that  have  been  ingested  with  the  food. 

In  order  to  test  for  lactic  acid  the  urine  is  evaporated  on  a  water- 
bath  to  a  thick  synip  and  extracted  with  95-per-cent.  alcohol.  This 
is  decanted  off  after  twenty-four  hours^  evaporated  to  a  syrup,  acidi- 
fied with  dilute  sulphuric  acid,  and  extracted  with  ether  so  long  as 
this  presents  an  acid  reaction.  The  ether  is  then  distilled  off,  and 
the  residue  dissolved  in  water.  This  solution  is  treated  with  a  feir 
drops  of  a  solution  of  basic  acetate  of  lead,  filtered,  the  excess  of 
lead  removed  by  means  of  sulphuretted  hydrogen,  and  tlie  filtrate 
evaporated  to  dryncvss  on  the  water-bath,  when  the  lactic  acid  will 
remain  l>ehind  as  a  slightly  yellowish  syrup.  This  is  then  dissolved 
in  a  little  water,  the  solution  saturated  with  zinc  carbonate,  and  heat 
applied.  Zinc  lactate  will  separate  out  upon  evaporation,  and  mav 
be  recognized  by  the  form  of  its  crystals,  viz,  small  prisms. 

Volatile  Fatty  Acids. 

The  term  lipacidxma  has  been  applied  to  an  increased  elimination 
of  volatile  fatty  acids  in  the  urine,  and  may  be  observed  in  various 
hepatic  diseases  affecting  the  proper  structure  of  the  liver,  in  leu- 
kaemia, in  diabetes,  in  punilent  peritonitis,  phlegmonous  tonsillitis, 
erysipelas,  etc.  Traces  of  fatty  acids  are  also  found  under  normal 
conditions,  and  are  probably  formed  in  the  lower  segment  of  the 
small  intestine.  The  fatty  acids  which  have  thus  far  been  isolated 
from  the  urine  are  formic,  acetic,  butyric,  and  propionic  acid.  They 
may  be  demonstrated  in  the  same  manner  as  described  in  the  chapter 
on  Feces.  According  to  some  observers  the  amount  of  fatty  acids  in 
the  urine  may  be  regjirded  as  an  index  of  the  degree  of  carbohydrate 
fermentation  in  the  intestinal  tract.  Under  normal  conditions  this 
may  be  the  case,  but  in  disease  the  question  is  probably  more  com- 
plicated. 

Fat. 

I'nder  strictly  normal  conditions  the  urine  contains  no  fat,  while 
varial)le  amounts  may  be  found  in  disease.  When  present  in  large 
quantities,  so  that  it  is  ]>ossil)le  to  recognize  it  with  the  naked  eye, 
the  condition  is  termed  lipurid.  Such  cases,  however,  are  rare,  and 
the  diagnosis  should  only  l>e  made,  when  it  is  possible  to  exclude  an 
accidental  contamination  of  the  urine.  Smaller  quantities  of  fat, 
re(»ognizal)le  only  with  the  microscoj)e,  are  much  more  common,  and 
are  indeed  quite  constantly  observed,  whenever  fatty  degeneration  of 
the  renal  e])ithelial  cells,  of  pus-corpuscles,  or  of  tumor-jiarticles  is 
taking  place  in  the  urinary  tract.  The  fat-droplets  may  then  be  found 
floating  in  the  urine,  or  attached  to,  or  imbedded  in  any  morphologic 
elements  that  may  Ix'  present.     Lipuria   may  also  occur  when  ab- 
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normally  large  quantities  of  fat  are  circulating  in  the  blood.  It  is 
thus  observed  after  the  administration  of  cod-liver  oil  in  large  quan- 
tities, following  oil  inunctions,  in  cases  of  fracture  of  the  long  bones 
with  extensive  destruction  of  the  bone-marrow,  in  cases  of  eclampsia, 
as  also  in  such  diseases  as  diabetes  mellitus,  chronic  alcoholism, 
phthisis,  obesity,  leukaemia,  in  certain  mental  diseases,  in  affections 
of  the  pancreas  and  heart,  etc. 

The  term  chyluria  or  galactaria  has  been  applied  to  a  condition  in 
which  a  turbid  urine  presenting  the  macroscopic  appearance  of  milk 
is  excreted.  Upon  microscopic  examination  it  may  be  demonstrated 
that  the  turbidity  in  such  cases  is  owing  to  the  presence  of  innumer- 
able, highly  refractive  globules  of  fat,  which  may  be  removed  by 
shaking  with  ether.  Of  morphologic  constituents  leucocytes  are 
occasionally  encountered  in  large  numbers.  Red  blood-corpuscles 
are  also  seen  at  times,  and  when  present  in  large  numbers  impart  a 
rose-color  to  the  urine.  Fibrinous  coagula  are  often  observed  when 
the  urine  has  stood  for  some  time,  and  the  entire  bulk  of  urine  may 
even  become  transformed  into  a  gelatinous  mass.  Albumin  is  pres- 
ent in  most  cases  in  the  absence  of  other  constituents  pointing  to 
renal  disease,  such  as  tube-casts  and  renal  epithelial  cells.  Leucin, 
tyrosin,  and  cholesterin  may  also  at  times  be  found,  and  particularly 
the  latter.  It  was  formerly  quite  generally  accepted  that  this  condi- 
tion was  due  to  the  presence  of  the  iilaria  sanguinis  hominis ;  but 
while  filarise  are  undoubtedly  present  in  the  blood  in  the  majority  of 
instances,  and  may  also  be  present  in  the  urine,  it  has  been  demon- 
strated that  cases  occur  in  which  filariasis  does  not  exist,  and  Gotze 
expressed  the  opinion  that  chyluria  may  be  owing  to  a  distinct  ana- 
tomical lesion  affecting  the  renal  parenchyma.  Further  observ^ations, 
however,  are  necessary,  in  order  to  clear  up  not  only  the  etiology  of 
the  disease,  but  also  the  manner  in  which  the  fat  and  albumin  enter 
the  urine. 

Ferments. 

Ferments  may  be  demonstrated  in  every  urine,  both  under  physi- 
ologic and  pathologic  conditions,  but  are  of  little  clinical  impor- 
tance, excepting,  perhaps,  pepsin,  which  is  said  to  be  absent  in  cases 
of  typhoid  fever,  carcinoma  of  the  stomach,  and  possibly  also  in 
nephritis.  In  order  to  demonstrate  its  presence  a  small  flake  of 
fibrin  is  placed  in  the  urine,  and  after  several  hours  removed  to  a  2- 
to  3-p.-m.  solution  of  hydrochloric  acid.  The  pepsin,  if  present, 
will  have  become  deposited  upon  the  fibrin,  and  cause  the  digestion 
of  the  latter  in  the  hydrochloric-acid  solution.  Diastase,  a  milk- 
curdling  ferment,  and  one  causing  the  decomposition  of  urea  into 
carbon  dioxide  and  ammonia  have  also  been  observed. 
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Oaies. 

Everv  urine  contain^  a  small  amount  of  gases,  notably  carbon 
dioxide,  oxygi^n,  and  nitrogen,  which  mav  be  withdrai;iii  bv  means 
of  an  air-pump. 

Under  pathologic  c«>nditions  sulphuretted  hydrogen  is  at  times 
al«o  found,  coni^tituting  the  condition  known  as  hjfdroihionuria.  In 
some  instance?*  this  is  referable  to  a  diffusion  of  the  gas  into  the  blad- 
der from  neighlx>ring  organs,  or  accumulations  of  pus  ;  but  this  is 
rare. 

In  others  an  absi-e^s  has  ruptured  into  the  bladder,  or  a  direct 
communication  exists  l>etween  it  and  the  bowel.  Under  such  con- 
ditions it  can,  of  cour^rc,  not  he  surprising  that  sulphuretted  hydro- 
gen together  with  other  priKlucts  of  albuminous  putrefaction  ai>p 
eliminiited  in  the  urine.  More  commonly,  however,  the  hydro- 
thionuria  occurs  idio{)cUi)icsilly,  and  is  then  referable  to  the  action  of 
certain  micn>-organisms.  This  can  be  readily  demonstrated  by  add- 
ing a  few  cubic  centimetres  of  such  urine  to  normal  urine,  when  upon 
standing  the  formation  of  sulphuretted  hydrogen  may  be  demon- 
strated in  the  normal  s]K'cimen.  The  usual  organisms,  however, 
which  cause  ammoniacal  deci>m{K>sition,  apparently  play  no  part  in 
this  pnx'ess,  and  the  formation  of  tlie  sulphuretted  hydrogen  may  be 
observed  before  ammoniacal  decomiwsition  has  set  in,  and  while  the 
reaction  is  yet  acid.  If  a  small  amount  of  ordinary  decomposing 
urine,  moreover,  is  added  to  fresh  nf>rmal  urine  no  sulphuretted 
hydrogen  is  as  a  rule  prwluced.  The  character  of  the  oi^ganisms 
in  (jiiestion  is  variable  ;  sometimes  micrococci  are  found,  at  other 
times  l)arilli  and  in  still  other  instances  both.  Besides  beings  capable 
of  pnKbicin;^  >nlplmrett('(l  liydrogcn  from  the  sulphur  bodies  of  the 
urine,  some  of  tlniu  will  al>o  cause  the  formation  of  ammonium  car- 
bonate in  (lilnte  >olntion>  of  urea. 

The  sonree  of  the  snlplmretted  livdrojren  in  cases  of  hvdrothionuria 
is  in  nio^t  eases  j>robably  the  so-ealh^l  neutral  sulphur,  but  it  is  |k»?- 
sible  that  the  oxidized  snlj>lnir  i.«-  at  times  also  attacked.  Very  inter- 
esting is  the  iaet  that  in  eystinuria,  whore  the  neutral  sulphur  is 
more  or  less  increa>ed,  hydrothionuria  is  quite  commonly  observed. 
Its  oeenrrenee  in  sneii  eases  is  indeed  >o  fretjuent  that  I  am  inclined 
to  susi)e<*t  ev^tinuria,  althonirli  ervstals  of  cvstin  are  not  found  in 
the  seclinient.  Further  work  in  this  <lireetion,  however,  is  needed, 
and  esjuMMally  to  determine  i\\o  relative  fre<iuency  with  which  the 
two  conditions  are  associated. 

In  a  few  instances,  which  have  been  recorded,  the  hydrothionuria 
accompanied  indi^)snria,  viz,  the  j)rosence  of  free  indigo-blue  in  the 
urine,  and  this  Mi'iUer  has  likr'wise  shown  to  l>c  referable  to  the 
action  of  certain  micro-organisms.  One  case  of  this  kind  I  saw 
several  years  ago,  but  made  no  examination  for  the  presence  of  cystin. 
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Owing  to  the  well-known  poisonous  effect  of  sulphuretted  hydro- 
gen upon  the  blood,  it  is  well  in  every  ease  to  ascertain  whether  its 
formation  occurs  in  the  bladder  already,  or  whether  it  only  takes 
place  on  standing.  The  formation  of  sulphuretted  hydrogen  in  de- 
composing urines,  containing  albumin,  is  of  course  a  common  event 
and  should  not  be  confused  with  the  idiopathic  hydrothionuria  here 
described. 

The  chemical  test  for  sulphuretted  hydrogen  is  very  simple :  A 
strip  of  filter  paper  is  moistened  with  a  few  drops  of  sodium  hydrate 
and  lead-acetate  solution  and  clamped  into  the  neck  of  the  bottle 
containing  the  urine.  After  a  variable  length  of  time,  in  some  in- 
stances immediately,  in  others  only  after  12-24  hours  a  discoloration 
of  the  paper  will  be  observed,  varying  from  a  grayish -brown  to 
black,  according  to  the  amount  present.  When  this  is  large  it  is  of 
course  also  recognized  by  its  characteristic  odor. 

Ptomains. 

Numerous  researches  have  shown  that  traces  of  toxic  alka- 
loidal  substances  may  be  encountered  in  the  urine  under  the  most 
diverse  pathologic  conditions,  and  may  even  be  present  in  health. 
Of  the  true  nature  of  these  bodies,  however,  but  little  is  known. 
Thudichum  claims  to  have  isolated  three  distinct  basic  substances 
from  normal  urine,  which  he  has  termed  reducin,  parareducin  and 
aroiiiin.  Pouchet  and  Mme.  Eliacbeff,  working  in  Gautier^s  labora- 
tory, have  likewise  extracted  toxic  bodies  from  normal  urines,  and 
Adduco  states  that  after  fatiguing  exercise,  especially,  he  could 
demonstrate  a  substance  in  the  urine,  which  was  extremely  toxic, 
and  not  identical  with  cholin,  as  was  first  supposed.  All  this  work, 
however,  must  be  gone  over  again  with  great  care,  before  the  results 
obtained  can  be  regarded  as  conclusive.  This  is  also  true  of  the 
work  which  has  been  done  in  various  diseases.  Some  observers  have 
here  described  bodies  which  they  r^ard  as  specific  toxins.  Griffith 
thus  reports  the  presence  of  a  specific  poison  of  scarlatina,  of  measles, 
mumps,  etc.     Others  again  have  only  obtained  negative  results. 

The  only  substances  belonging  to  the  class  of  ptomains,  which 
have  thus  far  been  obtained  from  the  urine  in  amounts  sufficient  to 
establish  their  identity,  are  cadaverin  and  puirescin.  They  were 
oripnally  discovered  by  Brieger  in  putrefying  cadavers,  and  subse- 
(juently  also  found  in  cultures  of  the  bacillus  of  Asiatic  cholera,  the 
Finkler-Prior  bacillus  of  cholerina,  the  bacillus  of  tetanus  and  in  the 
rice-water  stools  of  cholera  patients.  From  the  urine  cadaverin, 
putrescin  and  a  third  diamin,  isomeric  with  cadaverin,  and  which 
has  been  regarded  as  saprin  or  neuridin,  were  first  obtained  by  Bau- 
mann  and  v.  Udranszky  in  a  case  of  cystinuria,  and  thus  far  dia- 
miiiuria  appears  to  occur  only  in  association  with  this  disease.     All 
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attempts  to  isolate  diamins  from  the  urioe  under  other  pathologic  con- 
ditions, at  loAst,  have  given  rise  to  negative  resalts.  Whether  or  doi 
diaminuria  is  invariably  associated  ^vith  cystinuria  \Sy  however,  an 
open  question.  Putrescin  has  not  again  been  seen,  while  Brieger^Stadt- 
hagen,  I>eo,(Tarrf>d,  Lewis,  and  I  have  succeeded  in  isolating  cadaverin 
from  such  urines.  Others  have  been  less  successful j,  and  the  theory 
which  was  announced  shortly  after  Baumann's  discovery,  and  quite 
generally  accepted,  namely,  that  the  formation  of  the  diamins  in 
question,  is  in  some  manner  responsible  for  the  appearance  of  eystin 
in  the  urine,  was  certainly  premature.  This  is  even  more  true  of 
the  inference  drawn  from  this  supposed  association,  viz,  that  cysti- 
nuria is  a  s{K'cific  infc<*tious  disease  of  the  intestinal  canal.  This 
conclusion  was  l)ased  upon  the  belief  that  diamins  are  only  formed 
from  albuminous  material  in  the  presence  of  certain  bacteria.  I  have 
shown,  however,  that  this  is  not  necessarily  the  case,  and  that  putres- 
cin, at  least,  may  \\e  formed  in  the  al>sence  of  any  micro-organisms. 
Further  invt^tigation  will  show  whether  or  not  cystinuria  is  invari- 
ably acc<jmpanicKl  by  diaminuria.  Personally  I  incline  toward  the 
belief  that  this  is  the  e^se,  but  I  have  also  shown  tliat  while  cvsti- 
nuria  and  diaminuria  may  coexist,  this  is  not  al\i^ys  so,  and  that 
the  two  conditions  may  alternate,  and  that  the  one  may  temporarily 
disappear,  while  the  other  continues.  Like  Moreigne,  I  have  been 
led  to  the  conclusion  that  diaminuria  is  a  metabolic  anomaly,  an- 
alogous to  dial)etes  and  gout,  and  that  both  diaminuria  and  cystinuria 
are  the  expression  of  a  marked  deficiency  of  the  normal  oxidation 
processes  of  the  body. 

The  amount  of  diamins,  which  mav  be  met  with  in  the  urine  of 
eystinuric  patients  is  extremely  variable.  In  my  own  case  I  have  on 
one  occasion  been  able  to  isolate  as  much  as  1.6  grammes  of  the  ben- 
zovlated  cadaverin  from  the  collected  amount  of  twentv-four  hours.^ 
On  otlier  days  traces  only  were  j^resent,  and  at  times,  as  I  have 
already  state<l,  no  diamins  at  all  could  be  found.  A  few  obser\-ers 
who  have  investi<r*itc(l  this  ^juestion,  state  that  they  were  unable  to 
find  even  traces  of  diamins  in  their  cases,  but  as  single  examinations 
(mlv  were  made,  th(»ir  conclusion,  that  diaminuria  does  not  alwavs 
accompany  cystinuria  is  scarcely  justifiable.  When  single  negative 
results  are  obtained,  the  examination  should  be  repeated  at  frequent 
intervals,  or  larger  quantities  of  urine  employed.  In  general,  I 
should  advise  those  wlio  wish  to  investigate  the  question  of  ptoma- 
i nuria  to  experiment  with  large  quantities  of  urine  only,  iis  some  of 
the  bodies  belonging  to  this  order  exhibit  a  degree  of  toxicity  which 
is  out  of  all  j)roportion  to  the  amount  present.  Where  specific  alka- 
loids are  to  be  sought  for,  it  is  scarcely  worth  while  to  use  less  than 

*  In  the  case  of  Dr.  Lewis,  which  was  exaniine<l  in  my  laboratory,  0.3  gramme 
only  could  be  obtained  from  12,000  c.c. 
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100  or  200  litres  of  urine,  and  even  with  such  amounts  the  results 
are  frequently  diappointing.  In  cases  of  cystinuria  much  smaller 
quantities  will  usually  suffice,  and  an  initial  experiment  may  be  made 
with  the  collected  urine  of  twentv-four  hours. 

To  examine  into  the  presence  of  diamins  the  following  method  may 
be  employed  : 

Method  of  Baumann  and  v.  Udraxszky. — The  collected 
urine  of  at  least  twenty-four  hours  is  shaken  with  a  10-per-cent.  so- 
lution of  sodium  hydrate  and  benzoyl  chloride  in  the  proportion  of 
1,500 :  200  :  25,  until  the  odor  of  the  benzoyl  chloride  has  entirely 
disappeared.  The  resulting  precipitate  contains  phosphates,  the  ben- 
zoyl comi>ounds  of  the  normal  carbohydrates  of  the  urine  and  a  por- 
tion of  the  benzoylated  diamins.  These  are  filtered  off  with  the  aid 
of  a  suction  pump  and  digested  with  alcohol.  The  filtered  alcoholic 
extract  is  then  concentrated  to  a  small  volume  and  poured  into  about 
30  times  its  amount  of  water.  Upon  standing  for  from  twelve  to 
forty-eight  hours,  the  benzoylated  diamins  separate  out  in  the  milky 
fluid  in  the  form  of  a  more  or  less  voluminous  sediment,  composed 
of  fine,  intensely  white  crystals.  In  order  to  remove  the  benzoy- 
lated carbohydrates,  which  are  likewise  present,  the  precipitate  is 
redissolved  in  alcohol,  the  solution  concentrated  to  a  small  volume 
and  diluted  with  water,  as  described.  This  process  is  repeated  sev- 
eral times.  The  resulting  crystals,  if  both  diamins  are  present,  will 
loose  their  water  of  crystallization  at  120°  C.  and  melt  at  140°  C. 

A  smaller  portion  of  the  benzoyl  diamins  remains  in  the  first  fil- 
trate. In  onler  to  recover  this,  the  filtrate  is  acidified  with  sul- 
phuric acid,  and  extracted  with  ether.  The  ethereal  residue,  before 
congealing,  is  placed  in  as  much  of  a  12-per-cent.  solution  of  sodium 
hydrate  as  is  required  for  its  neutralization,  when  from  3-4  times 
the  volume  of  the  same  solution  is  further  added.  This  mixture  is 
placed  in  the  cold,  when  long  needles  and  platelets  separate  out, 
which  consist  of  the  sodium  compound  of  benzoyl  cystin  and  the 
benzoylated  diamins.  The  sediment  is  filtered  off  and  placed  in  cold 
water,  in  which  the  sodium  benzoyl  cystin  dissolves,  while  the  ben- 
zoyl diamins  remain. 

In  order  to  separate  the  putrescin  from  the  cadaverin,  the  crystals 
are  dissolved  in  a  little  warm  alcohol  and  treated  with  20  times  the 
volume  of  ether.  Benzoyl-putrescin  is  thus  thrown  down  and  may 
be  recognized  from  its  melting  point,  viz,  175°-176°  C,  while  the 
ethereal  residue  contains  the  benzoyl-cadaverin,  which  melts  at  from 
129°-130°  C. 

The  diamins  may  then  be  separated  from  the  benzoyl  radicle  by 
heating  the  crystals  on  the  water  bath  with  a  mixture  of  equal  parts 
of  alcohol  and  concentrated  hydrochloric  acid,  until  a  specimen  is 
entirely  dissolved  by  sodium  hydrate.     The  separation  is  complete 
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after  from  24  to  48  hours^  according  to  the  amount  present.  The 
solution  is  then  diluted  with  water^  when  the  benzoic  acid,  which  has 
been  formed,  separates  out  and  is  filtered  off.  After  extracting  with 
ether,  in  order  to  remove  any  benzoic  acid  still  remaining,  the  filtrate 
is  evaporated  to  dryness.  A  crystalline  mass  remains,  which  is  easily 
soluble  in  water  and  with  difficulty  so  in  alcohol.  This  consists  of 
putrescin-  and  cadaverin-hydrochlorate,  from  which  the  various 
double  salts  with  platinum^  silver,  mercury,  etc.,  can  be  readily  ob- 
tained. The  platinum  salt  of  eadaverin  is  thus  formed  by  adding  an 
alcoholic  solution  of  platinum  chloride  to  the  solution  of  the  hydro- 
chlorate  in  alcohol,  as  a  voluminous  yellow  cn^stalline  mass,  whidi 
can  be  purified  by  recrystallization  from  hot  water.  When  this  salt 
is  decomi)osed  with  sulphuretted  hydrogen  the  hydrochlorate  again 
results,  from  which  the  pure  base  is  obtained  by  distillation  with 
caustic  potash.  During  this  distillation  water  at  first  passes  over, 
and  above  160^  C.  a  colorless  oil,  the  boiling  point  of  which  is  about 
173°  C.  This  constitutes  the  free  base,  which  may  be  further  recog- 
nized by  its  s|>erm-like  odor  and  the  avidity  yr\th  which  it  attracts 
carbon  dioxide  from  the  air,  to  form  a  carbonate. 

MICROSCOPIC  EXAMINATION  OF  THE  URINE. 

Sediments. 

In  the  chapter  treating  of  the  general  physical  characteristics  of 
the  urine  it  was  stated  that,  on  standing,  every  urine  gradually  be- 
comes cloudy,  owing  to  the  devolopment  of  the  so-called  nubecula. 
This  was  shown  to  consist  of  a  few  mucous  corpuscles,  some  j>ave- 
nient  epithelial  cells,  derived  from  the  urinary  and  genital  passages, 
and  under  certain  conditions  of  a  few  crystals  of  uric  acid,  of  oxalate 
of  calcium,  or  both.     It  was  farther  pointed  out  that  owing  to  a 
diminution  in  the  aei<lity  of  the  urine  on  standing,  in  consequence 
of  an  interaction  i)etween  the  neutral  urate  of  sodium  and  the  acid 
phosphate  of  sodium,  a  sediment  is  thrown  down  which  consists  of 
acid  ni-ate  of  sodium,  and  at  times  of  free  uric  acid  (see  Reaction). 
Should  the  reaction  of  the  urine  upon  l)eing  voided  be  alkaline,  how- 
ever, a  condition  which  may  occur  physiologically,  when  it  is  depen- 
dent uj)on  tile  ingestion  of  large  quantities  of  vegetables   rich   in 
organic  salts  of  the  alkalies,  but  which  may  also  be  due  to  ammo- 
niacal  fermentation,  those  constituents  of  the  urine  which  are  held 
in  solution  merely  in  conse(|uence  of  the  presence  of  acid  sodium 
phosphate  are  also  thrown  down.     In  that  case  the  sediment  consists 
essentially  of  (calcium,  magnesium,  and  ammonium   salts.     Crystals 
of  anmionio-maguesium  phosphate,  it  is  true,  may  also  be  observed 
in  alkaline  urines  of  the  first  varietv,  but  are  then  almost  alwavs  due 
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to  an  increased  elimination  of  ammonia,  and  hence  rarely  observed 
in  physiologic  conditions. 

Normally  calcium  is  found  only  in  combination  with  phosphoric 
acid  and  carbonic  acid.  Of  the  three  possible  calcium  salts  of  phos- 
phoric acid,— I.  e.,  Ca3(POJ^  CaHPO,,  and  Ca(H2POX— only  the 
former  two  are  found  in  an  alkaline  urine,  but  may  also  be  observed 
in  specimens  which  are  either  neutral  or  at  least  but  faintly  acid. 
The  acid  calcium  phosphate,  C2l{¥L^O^^,  is  seen  but  rarely  in  sedi- 
ments, and  its  occurrence  always  presupposes  the  existence  of  a  high 
degree  of  acidity,  being  precipitated  together  with  uric  acid,  and 
under  similar  conditions.  Calcium  carbonate,  CaCOg,  is  seen  only 
in  neutral  or  alkaline  urines.  As  soon  as  ammoniacal  fermentation 
has  begun,  ammonium  salts  are,  of  course,  formed,  viz,  ammonium 
urate  and  ammonio-magnesium  phosphate. 

The  following  table  shows  the  various  mineral  constituents  which 
are  usually  observed  in  sediments,  the  reaction  of  the  urine  being  in 
every  case  the  all-important  factor : 
Reaction  acid. 

Uric  acid. 

Urate  of  sodium. 

Oxalate  of  calcium. 

Primary  calcium  phosphate. 

Ammonio-magnesium  phosphate. 
Reoxition  alkaline  (referable  to  fixed  alkalies). 

Secondary  calcium  phosphate. 

Tricalcium  phosphate. 

Calcium  carbonate. 

Ammonio-magnesium  phosphate. 
Reaction  alkaline  (referable  to  ammonia). 

Ammonium  urate. 

Ammonio-magnesium  phosphate. 

Tricalcium  phosphate. 

Calcium  carbonate. 
In  pathologic  conditions  still  other  imorganized  substances  may  be 
observed,  viz,  cystin,  xanthin,  hippuric  acid,  indigo,  uronibin,  bili- 
rubin, haematoidin,  magnesium  phosphate,  calcium  sulphate,  choles- 
terin,  leucin,  tyrosin,  fats,  soaps  of  magnesium,  and  calcium,  etc.  Of 
these,  cystin,  xanthin,  hippuric  acid,  tyrosin,  calcium  sulphate,  bili- 
rubin, hsematoidin,  magnesium  phosphate,  leucin,  and  the  soaps  of 
magnesium  and  calcium  occur  principally  in  acid  urines,  while  indigo, 
urorubin,  and  cholesterin  are  only  usually  found  in  alkaline  speci- 
mens. Before  considering  these  various  possible  constituents  in  de- 
tail a  few  words  regarding  sediments  in  general  and  the  method 
to  be  followed  in  their  microscopic  examination  may  not  be  out  of 
place. 
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An  idea  of  the  nature  of  a  deposit  may  often  be  formed  by  simple 
iniipection,  especially  if  the  reaction  of  the  urine  is  known. 

A  cn'stalline  sediment,  presenting  a  brick-red  color  and  appearing 
to  tlie  naked  eye  like  cayenne  pepper,  is  usually  referable  to  uric 
acid.  On  the  other  hand,  a  deep  red,  amorphous  deposit  occurring 
in  an  acid  urine  will  consist  essentially  of  urates^  the  color  in  this 
case,  a.«  in  the  former,  being  due  to  uroen'thrin.  Farther  proof  is 
hardly  requirt-d.  Should  any  doubt  be  felt,  however,  it  will  onlv  be 
necessary  to  heat  the  urine,  when  the  deposit  will  be  seen  to  dissolve. 
A  white,  iloceulent  sediment  in  an  alkaline  urine  is  usually  referable 
to  a  mixture  of  phosphates,  carbonates,  and  alkaline  urates,  and  will 
dissolve  without  difficulty  upon  the  addition  of  acetic  acid,  while  it 
remains  unaffected  bv  he:it. 

A  sediment,  consisting  of  pus,  and  occurring  in  alkaline  urines  is 
frequently  mistaken  for  a  pbospbatic  deposit  by  the  beginner.  Aside 
from  a  microscopic  examination  this  question  may  be  settled  bv  the 
addition  of  a  small  piece  of  caustic  soda,  and  stirring,  when  in  the 
presence  of  pus  the  liquid  l>ecomes  mucilaginous  and  ropy.  If  much 
pus  is  present,  a  tough,  jelly-like  mass  will  be  formed,  which  escapes 
from  the  vessel  en  m/n*j*c,  when  the  urine  is  poured  out.  Such  a 
sediment,  moreover,  does  not  disappear  upon  the  addition  of  an  acid, 
and  is  rendered  still  more  dense  upon  the  application  of  heat. 

Blood,  when  present  l>eyc>nd  traces,  may  also  be  recognized. 

Reliance  should,  however,  not  be  placed  upon  the  macroscopic 
appearance  of  a  sediment  to  the  exclusion  of  a  careful  microscopic 
examination,  as  those  ctmstituents,  particularly  the  niorj>hologic 
elements  of  a  sediment,  which  are  of  more  especial  importance,  can 
only  1)0  (lonion.>trat('d  in  tliis  manner.  As  a  gi^neral  rule,  moreover, 
it  may  be  .said  that  the  unor<ranized  elements  of  a  dejx)sit  are  usuallv 
of  little  clinical  interest. 

Students  are  freciuently  in   the  hal)it  of  diagnosing  an  excessive, 
normal,  or    subnormal  elimination  of  one   or  another  urinarv   ci>n- 
stituont    from   the   result   of  a    niicrosco])io  examination.       This    is 
unwarrantable,  and   it  should  always  be  remembered  that  no    con- 
clusions whatsot'ver  can  be   drawn  in  this  manner  as  to   the   amount 
actually  eliminatecl,  for   nothin;j:  would   be  more  erroneous,  for  ex- 
ample,   than   to  infer   an   excessive   excretion,   not   to   speak  of  an 
excessive  production,  of  uric  acid  or   oxalic  acid  from   the  fact    that 
crystals  of  these  substances  are  seen  in   lar^j^e  numbers   under   the 
microscope.     Apiin  and  a^ain  are  cases  observed  in  whi(?h  an  exces- 
sive elimination  of  uric  acid,  oxalic  acid,  or  phosphates  is  diagnosed 
by  mere  ins|)ection,  and  in  which   a  careful  chemical  analysis  shows 
not  only  no  incrcitso,  but  even  a  dimiiuition  of  the  normal  quantity. 

A  urine  which  is  turbid  when  pass(»d  may  l)e  examined  micro- 
scopiailly  at  once.     As  a  rule,  however,  it  is  necessary  to  wait  until 
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a  sediment  has  formed.  The  advice  is  usually  given  to  allow  the 
specimen  to  settle  in  a  conical  glass,  to  decant  off  the  supernatant 
fluid  as  soon  as  a  sufficient  deposit  has  been  obtained,  and  to 
examine  a  drop  of  the  latter  upon  a  slide  covered  with  a  cover- 
glass.  This  recommendation  is  a  good  one,  and  is  usually  followed. 
Not  infrequently,  however,  it  is  necessary  to  wait  for  twenty-four 
hours  or  even  longer,  until  a  sufficient  deposit  has  formed  ;  but  even 
when  the  urine  is  kept  covered  it  will  frequently  be  found  that  am- 
moniacal  fermentation  has  taken  place,  rendering  the  microscopic 
examination  decidedly  unsatisfactory.  The  urine  should  hence  be 
kept  in  a  clean  and  well-stoppered  bottle  until  the  desired  deposit 
has  formed.  A  small  amount  of  chloroform  is  added,  if  neces- 
sary, and  will  preserve  the  specimen  almost  indefinitely.  A  few 
drops  of  the  sediment  are  then  removed  by  means  of  a  dean  pipette, 
carried  down  to  the  sediment  with  the  distal  end  tightly  closed  with 
the  finger,  care  being  taken  not  to  allow  the  urine  to  rush  into  the 
tube  by  suddenly  releasing  the  pressure,  but  withdrawing  only  a 
small  amount,  just  sufficient  for  an  examination.  This  is  then  spread 
over  a  clean  slide  that  has  been  moistened  upon  its  surface  by  the 
breath,  when  the  specimen  may  be  examined  at  once.  Covering  the 
specimen  with  a  slip  is  not  only  unnecessary,  but  even  undesirable, 
A  low  power  of  the  microscope  should  always  be  employed,  and  the 
high  power  only  used  to  study  details  of  structure. 

Of  late  years  the  centrifugal  machine  has  been  applied  to  urinary 
examinations,  and  whenever  it  is  desired  to  obtain  a  deposit  at  once, 
or  whenever  a  deposit  separates  out  so  slowly  as  to  endanger  the  in- 
tegrity of  the  urine,  an  apparatus  of  this  kind  will  be  found  very 
convenient. 

Non-organized  Sediments. 

Sediments  Occurring  in  Acid  Urines. — Uric  Acid. — ^The  form 
which  uric-acid  crystals  may  present  in  a  deposit  varies  greatly,  the 
most  common  being  the  so-called  whetstone-form  shown  in  Fig. 
90.  The  crystals  may  occur  singly  or  arranged  in  groups.  Acci- 
dental impurities,  such  as  threads  or  hairs,  are  at  times  covered  with 
such  crystals,  forming  long  cylinders.  When  presenting  this  form 
their  presence  can  generally  not  be  determined  macroscopically. 
Very  frequently  uric  acid  crystallizes  in  the  form  of  large  rosettes 
composed  of  tube-shaped  or  long-pointed  crystals,  presenting  a  deep- 
red  color,  referable  to  uroerythrin,  when  they  are  often  visible  to 
the  naked  eye,  and  form  the  well-known  brick-dust  sediment  at  the 
bottom  of  the  vessel.  While  it  is  generally  stated  that  uric-acid 
crystals  may  always  be  recognized  by  their  color,  varying  from  a 
light  yellow  to  a  dark  brown,  this  is  not  always  the  case,  and  I 
have  often  observed  uric  acid  in  sediments  in  which  the  crystals, 
which  in  such  cases  formed  small  rhombic  plates  with  rounded  edges, 
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occurring  singly  or  several  joined  together,  were  absolutely  devoid  of 
coloring-matter,  so  far  as  a  microscopic  examination  iNrent  (Fig.  101). 
Uric-acid  "  dumb-bells ''  are  also  at  times  observed,  and  mav  he 
mistaken  for  calcium  oxalate.  Hexagonal  plates  of  uric  acid  have 
been  similarly  confounded  with  cystin. 

Fig.  101. 


Colorless  crystals  of  uric  acid. 

A  uric-acid  sediment  is  observed  in  cases  in  which  an  increased 
excretion  of  uric  acid  occurs,  but  it  should  be  remembered  that,  as 
a  rule,  it  is  not  j)ermissiblc  to  infer  an  increased  production  or  elim- 
ination from  the  presence  of  an  abundant  deposit  of  this  substance 
alone.     Brick-dust  sediments  are  frequently  observed  during  cold 
weather ;  but  it  would  be  erroneous  to  infer  an  increased  elimination 
from  such  an  occurroncc,  as  the  phenomenon  is  usually  explained 
by  the  fact  that  uric  acid  is  fur  less  solul>le  in  cold  than  in    w^arm 
water.     During  the  sumincT  months,  for  the  same  reason,  a  deposit 
of  uric  acid  is  less  frequently  observed,  although  an  increased  amount 
may  nevertheless  be  present,  being  held  in   solution  owing  to  the 
higher    temperature.      The    more   concentrated  the  urine  and   the 
more  uric  acid  it  contains,  the  more  readily  will  such  a  deposit  occur. 
Whencv(T  more  water  is  eliminated  through  other  channels  than  is 
consumed,  or  at  least  absorbed  from  the  intestinal  mucosa,  such  de- 
ix)sits  will  occur,  and  are  hence  noted  after  profuse  perspiration,  fol- 
lowing severe  muscular  exercise,  in  acute  rlieumatism  with  copious 
diaphoresis,  in  acute  gastritis  and  enteritis,  profuse  diarrhoea,  during 
the  crisis  of  pneumonia,  particularly  if  accompanied  by  much  sweat- 
ing, etc.     In  all  these  conditions,  however,  an  increased  elimination 
of  uric  acid  does  not  necessarily  take  place,  the  all-important  factors 
being  the  reaction  of  the  urine,  its  degree  of  concentration,  and  the 
surrounding  temperature.     On  the  other  hand,  uric-acid  sediments  are 
frecjuently  observed  in  cases  in  whicli  uric  acid  is  actually  eliminated 
in  increased  amounts.     From  what  has  been  said,  however,  it  is  clear 
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that  the  occurrence  of  such  deposits  is  usually  not  of  much  diag- 
nostic interest. 

Should  formed  concretions  of  uric  acid — i.  e.,  uric-acid  gravel — be 
found  in  the  urine,  a  direct  indication  is  afiForded  to  diminish  the 
acidity  of  the  urine  and  to  increase  the  amount  of  water,  so  as  to 
guard  against  the  formation  of  a  renal  or  vesical  calculus. 

Chemically  the  nature  of  a  uric-acid  sediment  may  be  recognized  by 
the  fact  that  the  ciTstals  dissolve  upon  the  addition  of  sodium  hy- 
drate, and  reappear  again  in  the  rhombic  form  upon  acidifying 
with  hydrochloric  acid.  When  heated  with  dilute  nitric  acid  the 
beautiful  red  color  of  ammonium  purpura te  is  obtained  upon  the 
subsequent  addition  of  ammonia  (murexid  test),  as  described  else- 
where (see  p.  352). 

Anwrplwm  Urates. — Sodium  and  potassium  urate  frequently,  and 
especially  in  fevers,  form  sediments  of  such  density  that  upon  micro- 
scopic examination  it  is  almost  impossible  to  discern  anything  but  in- 
numerable amorphous  granules  scattered  over  the  entire  microscopic 
field  in  a  most  irregular  manner,  and  obscuring  all  other  elements  that 
may  l)e  j)resent  at  the  same  time.  Cecils  or  casts  that  might  possibly 
be  discovered  will  frequently  be  seen  to  l)e  studded  with  these 
granules.  In  such  cases  it  is  best  to  heat  the  urine  to  a  tempera- 
ture of  50°  C,  and  to  filter  it  as  rapidly  as  possible  while  still  hot, 
the  contents  of  the  filter  being  subsequently  used  for  microscopic 
purposes. 

Urate  sediments  are  always  colored,  the  tint  varying  from  a  dirty 
brown  to  a  bright  brick-red,  owing  to  the  presence  of  uroerythrin. 
Difficulties  can  hence  never  arise  in  determining  the  nature  of  the 
sediment,  as  a  colored  deposit  appearing  in  an  acid  urine,  which  dis- 
solves upon  the  application  of  heat,  cannot  be  due  to  anything  but 
unites.  If  a  drop  of  the  sediment,  moreover,  is  treated  upon  a  slide 
with  a  drop  of  hydrochloric  acid,  some  characteristic  whetstone-crys- 
tals of  uric  acid  will  be  seen  to  separate  out,  while  the  greater  por- 
tion appears  in  the  form  of  rhombic  platelets. 

Calcium  Oxalate. — This  substance  generally  appears  in  urinary 
sediments  in  the  form  of  small,  colorless,  highly  refractive  octahedra 
(Fig.  102),  which  vary  greatly  in  size  ;  some  appear  as  mere  specks 
even  under  a  comparatively  high  magnifying  power,  while  others 
may  attain  the  dimensions  of  a  large  leucocyte.  Frequently  one 
axis  is  longer  than  the  other.  From  the  fact  that  their  diagonal 
planes  are  very  highly  refractive,  apparently  dividing  the  superficial 
plane  into  four  triangles,  they  have  been  compared  to  envelopes,  and 
it  is  this  envelope-form  of  the  crystals  which  is  especially  character- 
istic. In  the  same  specimen  of  urine  so-called  dumb-bell  forms  may 
be  seen,  which  appear  to  be  made  up  of  two  bundles  of  needle-like 
crystals  united  in  the  form  of  the  figure  8.  The  latter,  according  to 
30 
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Beale,  originate  in  the  uriniferous  tubules^  and  are  frequently  foood 
adherent  to  or  imbadded  in  tube-casts.  Other  forms  may  also  be 
found,  and  are  shown  in  the  accompanying  figure. 

While  th'v»  enveh>pe  crystals  are  highly  characteristic  and  cam 
Iiardly  be  mistaken  for  any  other  substance,  the  student  may  at  times 
confound  them  with  crystals  of  ammonio-magoesium  phosphate. 
This  error  mav  be  avoided,  if  it  is  remembered  that  the  calcium  oxa- 
late  crystals  are  never  so  large  as  those  of  the  magnesium  salt,  and 
that  the  latter  dissolve  upon  the  addition  of  acetic  acid,  in  which 
calcium  oxalate  is  insoluble.  The  distinction  from  uric  acid,  if  we 
are  dealing  with  the  dumb-bell  form,  cannot  always  be  made  by 

Fig.  102. 
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I^ts  oonimon  foriui  nf  oxalate  of  lime  crysUls.     (Fixlaysox.  ) 

mere  inspection.  A  drop  of  caustic  soda  should  be  added,  which 
will  dissolve  the  crystals  if  those  are  uric  acid,  while  calcium  oxalate 
remains  unclian^ed. 

It  has  l)ecn  pointed  out  that  under  strictly  normal  conditions  a 
few  isolated  crystals  of  caleiuin  oxalate  may  be  found  in  the  primi- 
tive nuhccnla,  so  that  their  ])resenre  in  urinary  sediments?  cannot  U» 
regarded  as  pathologic.  After  the  ingestion  of  certain  vegetables  and 
fruits,  notably  rhubarb,  garlic,  asparagus,  oranges,  or  following  the 
continued  administration  oi'  sodium  bicarbonate  or  the  salts  of  vege- 
table aci<ls,  calcium  oxalate  crystals  may  be  observed  in  largx?  num- 
l)ers  ;  so  also  in  certain  diseases,  such  as  diabetes  mellitus,  catarrhal 
jaundice,  i)litliisis,  empliysema,  etc. 

As  in  the  case  of  uric  aci<l,  no  inference  can  be  drawn  from  a 
microscopic  examination  of  the  sediment  as  to  the  quantity  actuallv 
eliminated.  The  frequent  occurrence  of  abundant  sediments  of  this 
substance  may,  liowcver,  generally  be  regarded  as  abnormal,  pro- 
viding that  such  an  occnrrence  cannot  be  explained  by  the  nature  of 
the  diet.  It  is  very  suggestive  to  note  the  frequency  with  which 
such  sediments  are  observed  in  certain  casi^-i  of  neurasthenia,  associ- 
ated with  a  mild  degree  of  albuminuria,  as  also  in  various  digestive 
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neuroses.  Finally,  as  in  the  case  of  uric  acid,  the  possibility  of  the 
fonnntion  of  renal  calculi  should  be  borne  in  mind,  whenever  abund- 
ant sediments  of  calcium  oxalate  are  encountered  upon  frequent  ex- 
amination. 

Fio.  103. 


Ammonio-maffnaiium  phosphate,  usually  spoken  of  as  triple  phos- 
phate, crystallizes  in  large  prismatic  crystals  of  the  rhombic  system, 
and  is  most  abundantly  observed  in  alkaline  urines,  but  is  also  quite 
frequently  seen  in  feebly  acid  specimens.  Of  the  various  forms 
which  may  occur  that  resembling  the  lid  of  a  German  cofBn  is  the 
most  characteristic  (Fig,  103).  The  size  which  these  crystals  at 
times  attain  is  quite  considerable;  very  small  spedmens,  however, 


also  occur  which  could  possibly  be  mistaken  for  oxalate  of  calcium, 
but  fr<im  these  they  are  readily  distinguished  by  the  ease  with  which 
they  dissolve  in  acetic  acid,  as  has  already  been  pointed  ont. 

Hero  as  elsewhere  it  should  be  remembered  that  no  conclusions  as 


468 


THE  URINE. 


to  the  amount  actually  eliminated  can  be  drawn  from  a  microscopic 
examination,  and  the  diagnosis  '^  Phosphaturia "  should  only  be 
bascil  u{)on  the  results  of  a  quantitative  analysis. 

3Ionocalcium  phosphate  crystals  are  rarely  seen,  and  only  in  speci- 
mens presenting  a  highly  acid  reaction,  when  uric-acid  crystak  an? 
also  frequently  observed  in  large  numbers.  I  have  only  seen  a  few 
cases  of  this  kind,  occurring  in  pitients  the  subjects  of  functional 
albuminurfa.  The  urine  was  higlily  acid,  in  one  case  of  a  sp.  gr.  of 
1.03G,  and  on  stan<ling  deiKJsited  a  sediment  which  consisted  hirgelv 
of  monocalcium  phosphate  crystals  (Fig.  105),  with  a  considerable 
number  of  uric-acid  crystals,  from  which  they  are  readily  distin- 
guished by  the  absence  of  pigment  and  their  solubility  in  acetic  acid. 

Nkutral  Caiah'M  PiKMriPHATE. — ^Thcsc  Crystals  may  be  found 
in  alkaline,  neutral,  and  feebly  acid  urines.  They  are  at  times  of 
large  size,  but  more  commonly  acicular,  occurring  either  singly  or 

Fig.  lOo. 


Mouojahimn  pliw^pliate  crystaH. 

united  to<::t'tln*r  in  a  star-like  iniinnor  (Fi<r.  104).  They  are  color- 
less, rcadilv  soluble  in  acetic  acid,  and  insoluble  in  warm  water,  «» 
that  tliev  can  he  easily  distintruished  from  uric  acid. 

Bask;  MA(iM:srrM  Phosi'iiatk  crystals  occurring  in  the  form  of 
large,  hiirhly  refractive  plates  (Fig.  !<><>),  are  at  times  seen  in  alka- 
line, neutral,  or  faintlv  acid  and  hiirlilv  concentrated  urines.  Tliev 
are  readily  reco«rniz(Ml  l)y  treating  a  drop  of  the  sediment  upon  ilie 
slide  with  a  dn)[)  of  aninioniuni  carbonate  solution  (1  :  4),  when  the 
crystals  become  o])a(|ue  and  their  e<lges  assume  an  eroded  aspect.  In 
acetic  acid  they  dissolve  with  ease  and  may  then  be  repreeipitatod  bv 
means  of  sodium  carl)onate. 

Ilipprnic-Acri)  crystals  have  been  observed,  although  rarely,  in 
urinary  se<liments,  in  acute  febrile  diseases,  diabetes,  and  chorea, 
while  their  occurrence,  following  the  ingestion  of  large  amounts  of 
prunes,  nmlberries,  bluelx^rries,  or  the  administration  of  benzoic  acid 
and  salicvlic  acid  is  more  common. 
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Hippuric  acid  occurs  io  the  form  of  fine  needles  or  rhombic  prisma 
and  columns,  the  ends  of  which  terminate  in  two  or  four  planes,  at 
times  resembling  the  crystals  of  ammonio-magnesium  phosphate  and 
of  uric  acid.     From  the  former  theymay  be  readily  distinguished  by 

Fio.  106. 


%^P^$ 


-TOO 
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their  insolubility  in  hydrochloric  acid,  and  from  the  latter  by  the 
fact  that  they  do  not  give  the  murexid  reaction,  when  treated  with 
nitric  acid  and  ammonia  (see  p.  -302).  In  the  case  of  urines  rich  in 
hi])puric  acid,  in  which  this  docs  not  appear  in  the  sediment,  it  is 
well  to  add  a  Kmall  amount  of  hydrochloric  acid,  when  the  crystals 
will  gradually  separate  out.  As  yet  their  presence  does  not  appear 
to  ))Hsscss  any  clinical  significance. 

Caijju'm  sn.i'iiATK  in  the  form  of  long,  colorless  needles  or 
elongated  prismatic  tablets  (Fig.  107),  ha.s  been  observed  in  urinary 
sediments  in  only  two  cases.  In  both  cases  the  urine,  especially  on 
standing,  deposited  a  niilky-Iooking  sediment,  the  reaction  being 
strongly  acid.  It  may  be  recognized  by  its  insolubility  in  acids  and 
ammonia, 

Fia.  107. 


Cv.STiy  is  rarely  seen  in  urinary  sediments.  It  occurs  in  the 
form  of  colorless,  hexagonal  platelets,  which  are  quite  character- 
istic (Fig.  108),  The  crystals  are  soluble  in  ammonia  and  hydro- 
chloric acid  and  insoluble  in  acetic   acid,  water,  alcohol,  and  ether. 
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They  can  thus  be  readily  distinguiehod  from  certain  forms  of  urie 
acid,  with  which  they  might  possibly  be  confonnded  at  first  sight 
When  heated  upon  platinum  foil  they  bum  with  a  blDisb-green  flame 
without  melting,  Cystiu-coDtaining  urines  may  be  of  normal  appai^ 
ance,  but  they  often  present  a  curious  greenish-yellow  color.  Their 
reaction  is  mostly  neiitral  or  alkaline.  Upon  standing,  exposed  to  the 
air,  a  marked  odor  of  sulphuretted  hydrogen  develops,  owing  to  thf 
decomposition  of  the  cystin.  When  treated  with  acetic  acid  a  white 
crystalline  se<liment  st^'paratos  on  standing,  which  is  soluble  in  ain- 
monia  and  consists  of  the  characteristic  hexagonal  platelets  of  cys- 
tin. At  times  urines  are  met  with  in  which  a  distinct  odor  of  sal- 
phuretted  hydrogen  is  noticeable,  although  crystals  of  cystin  are  not 
seen  in  the  sediment.     In  these  oises  a  careful  examinatioo  shonld 


{Rl>BEBT9.) 


be  made,  and  it  will  Iw  found  thiit  not  infrequently  such  urines 
contiiin  cystin  in  solution.  It  may  then  be  demonstrate<l  bv 
strongly  acidifying  the  urine  witli  iicctie  acid,  or  by  es}x>sing  it  to 
ammoniacnl  decomposition.  In  cither  case  cystin  crj'stals  will  8ei>- 
anite  out  on  standing.  It  should  bi-  remembered,  however,  that  not 
all  urines  in  wliicli  sulphm-ctted  hydrogen  is  formed,  contain  cvstin 
(see  IIy<lrot!iionuna). 

The  amount  of  cystin  which  may  he  found  in  urinary  sediments 
is  variable.  Sometimes  a  few  ccntigi-aninics  only  are  obtained  while 
at  others  from  O.o  to  1.0  gr.unme  may  be  recovered.  As  is  the  case 
with  the  other  non-organ izetl  constituents  of  sediments,  however,  the 
amount  deposited  docs  not  necessarily  indicate  the  total  amount 
present.     Where  a  (]uantitative  estimation  of  cystin  is  to  be  made, 
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it  is  best  to  filter  off  that  which  is  deposited  and  to  estimate  the 
amount  of  neutral  sulphur  in  the  filtered  urine.  An  increase  be- 
yond the  normal  may  be  referred  to  the  cystiu,  remaining  in  solu- 
tion (see  Neutral  Sulphur). 

Clinical  interest  in  connection  with  cystinuria  centres  in  the  fre- 
quent association  of  cystin  sediments  with  cystin  gravel  or  calculi, 
but  it  is  curious  to  note  that  the  cystinuria,  notwithstanding  the  re- 
moval of  the  calculus,  may  persist  for  years  without  giving  rise  to 
symptoms  denoting  the  existence  of  a  pathologic  process.  Very  re- 
markable also  is  the  not  uncommon  occurrence  of  cystinuria  in 
families. 

Of  the  origin  of  the  condition  very  little  is  known.  It  has  been 
supposed  that  the  appearance  of  cystin  in  the  urine  is  in  some 
manner  connected  with  the  formation  of  certain  diamins  in  the  in- 
testinal canal.  I  have  pointed  out,  however,  that  in  all  probability 
the  formation  of  cystin  and  diamins  occurs  in  the  tissues  of  the 
b(xly,  and  that  the  appearance  of  both  is  the  expression  of  a  definite 
metabolic  anomaly,  rather  than  of  a  specific  infection  (see  p.  320). 

Leucix  and  Tyrosix,  which  belong  to  the  group  of  amido-acids, 
being  represented  by  the  formulae  CgH^jNO^  and  CgH^jNOg,  respec- 
tively, are  never  found  in  urinary  sediments  under  normal  conditions, 
while  traces  of  both  substances  may  be  present  in  solution.  Larger 
amounts  are  notably  found  in  acute  yellow  atrophy,  of  which  disease 
their  presence,  in  sediments,  was  formerly  regarded  as  pathognomonic. 
In  acute  phosphorus-poisoning,  on  the  other  hand,  leucin  and  ty rosin 
are  not  found  as  a  rule,  so  that  in  the  differential  diagnosis  between 
the  two  conditions,  the  presence  of  these  bodies  may  be  regarded  as 
indicating  the  existence  of  acute  yellow  atrophy.  The  fact  that  urea 
may  be  altogether  absent  from  the  urine  in  such  cases,  or  present  in 
greatly  diminished  amount,  has  already  been  referred  to  (see  Urea, 
p.  324),  and  the  elimination  of  leucin  and  tyrosin,  in  its  stead,  as  it 
were,  has  been  regarded  not  only  as  indicating  the  probable  origin 
of  urea  from  amido-acids,  but  also  the  formation  of  urea,  to  a  large 
extent,  at  least,  in  the  liver.  The  albuminous  origin  of  these  sub- 
stances has  also  been  noted  (see  Urea). 

Smaller  amounts  of  leucin  and  tyrosin  are  said  to  be  constantly 
present  in  cases  of  cirrhosis  of  the  liver,  carcinoma  of  the  liver,  chole- 
lithiasis, catarrhal  jaundice,  Weils'  disease,  nephritis,  cystitis,  gout, 
bronchitis,  tuberculosis,  typhoid  fever,  hysteria,  erysipelas,  glycosuria, 
etc.  In  diabetic  urines,  on  the  other  hand,  it  is  supposedly  absent, 
In  connection  with  cystinuria  the  elimination  of  tyrosin  has  also 
been  observed,  but  in  two  cases,  which  I  examined  in  this  direction, 
I  arrived  at  negative  results. 

As  leucin  is  hardly  ever  found  in  the  sediment,  and  tyrosin  only 
when  present  in  large  quantities,  the  urine  in  every  case  should  first 
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be  concentrated  u}X)n  tlie  water-bath,  and  examined  on  cooling.  At 
times,  however,  when  these  substances  are  present  in  only  very  small 
(jiiantities,  this  ])rocedure  niav  not  lead  to  the  desired  end,  and  in 
doubtful  cases  the  following  method  should  be  employed  : 

The  total  amount  of  urine,  voided  in  twenty-four  hours,  is  precipi- 
tatcnl  with  basic  acetate  of  lead  and  filtered,  when  the  filtrate,  fr»)m 
which  the  excess  of  lead  has  l>cen  reniove<l  by  means  of  sulphuretted 
hydrogen,  is  eva|)orated  to  as  small  a  volume  as  |>ossible,  and  set 
aside  for  crvstalliziition.    The  residue  thus  obtained  is  then  examined 

» 

with  the  microscope  ;  if  crystals  are  detec*ted,  which  answer  the 
<lescription  of  tyrosin  and  leucin,  thoy  should  be  subjected  to  further 
chemical  tests. 

Fi(i.  loy. 


Tyr<»>iii  cry-itul''.     (Charles.) 

Ulrich  advises  to  cva]H)mte  the  urine  to  dryness  and  then  to   heat 

it  irently,  ^^■hile  the  vessel  is  cDvered  with  a  plate  of  glass  or  a  fun- 
n<'l.  riie  tyrosin  is  then  said  to  sublime  and  is  deposited  on  the 
eool  glass  in  erystalline  form,  the  crystals  showing  the  chara(?teristie 
reactions. 

Tyr()>in  crystallizes  in  tin*  form  of  very  tine  needles  (Fi^.  109), 
which  are  usually  grouped  together  in  sheaves  or  bundles,  crossinc^ 
each  other  at  various  angles.  They  are  insoluble  in  acetic  acid,  but 
soluble  in  ammonia  and  livdrochloric  acid. 

Leucin  (hig.  1  In)  occur.-  in  the  form  of  s])herules  of  variable  size, 
which  closely  resemble  ulohules  of  flit,  but  may  be  distinguisheil  from 
these  by  their  insolubility  in  ether.  In  th<'  urine  they  present  a 
more  or  less  })ronounee<l  l)ruwnish  color,  an<l  upon  close  examina- 
tion concentric!  striations  as  well  as  very  tine  radiating  lines  can  at 
times  be  made  out,  which  are  especially  characteristic. 

If  crystals  reseml)ling  tyrosin  and  leucin  are  found,  the  following 
tests  should  be  made  : 

In  order  to  separate  the  leucin  from  the  tyrosin,  the  residue  is 
treated  with  a  small  amount  of  alcohol,  in  which  leucin  is  more 
readilv  soluble  tiian  tvrosin. 
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Tests  for  Tyrosin. — The  sediment  is  filtered  off,  washed  with  water 
and  dissolved  in  ammonia,  to  which  a  little  ammonium  carlwnate  has 
been  added.  This  solution  is  allowed  to  evaporate,  and  leaves  the 
tyrnsin  behind. 

Pirca's  Test. — A  bit  of  the  tyrosin  is  moistened  on  a  watch 
crystal  with  a  few  drops  of  concentrated  sulphuric  acid,  covered, 
and  set  aside  for  half  an  hour.  It  is  then  diluted  with  water,  heated, 
and  while  hot  saturated  with  calcium  carbonate  and  filtered.  The 
filtrate  is  colorless,  but  when  heated  with  a  kw  drops  of  a  very  dilute 
solution  of  pcrchloride  of  iron,  which  must  l>e  free  from  hydrochloric 
acid,  it  assnmes  a  violet  tint  (v,  Jaksch). 


Kopfmaxn's  Test. — A  small  amount  of  tyrosin,  when  dissolved 
iu  liot  water  and  treated,  while  hot,  with  mercuric  nitrate  and  potas- 
sium nitrite,  imjKirt^  to  the  solution  a  beautiful  dark-red  color,  and 
yields  a  voluminous  re<l  precipitate. 

Tests  for  Lencin. — Schkrer's  Test. — To  test  for  leucin,  this  is 
separated  from  tyrosin,  as  described,  hy  the  addition  of  a  little  alco- 
hol. The  alcohol  is  allowed  to  evaporate,  and  a  portion  of  the  resi- 
due treated  u)>on  platinum-foil  with  nitric  acid,  when  a  colorless 
residue  is  obtained,  which,  upon  the  application  of  heat  and  a  few 
drops  of  a  solution  of  sodium  hydrate,  forms  a  droplet  of  an  oily 
fluid  which  docs  not  adhere  to  the  platinum. 

HoFMKiSTEit's  Test. — A  small  amount  of  leucin  dissolve<l  in 
water  causes  a  deposit  of  metallic  mercurj-  when  heated  with  mer- 
curous  nitrate. 

Xantiiin  crystals  (Fip.  Ill)  arc  very  rarely  observed  in  urinary 
sediments,  and,  so  far  as  I  have  been  able  to  ascertain,  the  case  ob- 
scrvetl  by  ISence  Jones  is  the  only  one  on  record.  Care  should  be 
had  not  to  confound  certain  forms  of  uric  acid  with  xanthin,  and  I 
well  remember  an  instance  in  which  crj-stals  were  obser\-ed,  identical 
in  appearance  with  those  here  pictured,  but  which  upon  chemica) 
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examiDation  proved  to  be  oric  arid.  Tht  nteaaty  o^  disregardtng 
ihr  Mittrintnt  ffiirrrt//ji  taatff  that  urU-ncid  erydaU  found  in  uriimni 
Ktvftmriitr  ni-r  iiirttrmfiiy  rrJortd  mnnof  bt  iiui$fai  upon  loo  gtrortglii. 
It  has  been  statt^l  elsewhere  that  colorless  nric-acid  cirstala  maj  be 
encountered,  and  id  the  case  just  citml  this  was  obeer\-ed. 


m,  <~ry!>ls]>oriiiilliiD  'Salkow^ei-:  b.  Cn'Mili  of  craltn  (BOBIS). 

Clinically,  xantbin  sediments  are  of  interest  ualy  in  so  far  as  this 
suljstaiice  may  give  rise  to  the  formation  of  calculi ;  in  the  case 
ol>served  by  Bciice  Jones  attacks  of  renal  ooHc  had  occurred  se\-eral 
years  previously. 

SoAi-s  OF  IviME  Axi>  Ma«xesia. — V.  Jaksch  han  pointed  out  that 


Ills  (lisoasfs  iTvstiils 
iijUK'uraiiw, ! 


;iv  W-  toiind  wliicli  "closely"  resemble 
ictiin's  such  cry^t;.l9  {Fig.  112),  which 


f'liim  liifir  In-luiviiir  towjinl  iva^^'iits  lie  is  iiioliiietl  to  regard  as  cal- 
ikI  iniit;iK-sUnn  salts  of  certain  hi<rlier  fatty  acids. 
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Should  any  doubt  arise,  the  question  may  be  readily  decided  by  a 
chemical  examination  (see  tests  for  tyrosin  and  fatty  acids). 

Bilirubin  crystals  in  the  form  of  yellow  or  ruby-red  rhombic 
plates  or  needles,  as  well  as  amorphous  granules,  have  been  seen  in 
the  urine  iu  rare  cases,  but  are  of  no  special  interest.  They  are 
easily  soluble  in  alkalies  and  chloroform,  but  not  in  ether.  When 
treated  upon  a  slide  ^vith  a  drop  of  nitric  acid,  a  green  ring  will  be 
seen  to  form  around  them  (Gmelin's  reaction). 

H.y.MAToiDiN  CRYSTALS  are  likewise  only  rarely  seen.  They 
cannot  be  distinguished  from  bilirubin  by  the  microscope,  and  also 
resemble  the  latter  chemically  to  such  a  degree  that  Hoppe-Seyler 
regarded  the  two  as  practically  identical.  They  may  be  found  either 
free  or  imbedded  within  cells  or  tube-casts,  in  eases  of  scarlatinal 
nephritis,  the  nephritis  of  pregnancy,  iu  granular  atrophy,  amyloid 
degeneration  of  the  kidneys,  and  in  carcinoma  of  the  bladder,  of  which 
latter  condition  they  have  been  regarded  by  some  as  pathognomonic. 

It  has  lx?en  stated  that  haematoidin  crystals  may  be  distinguished 
from  bilirubin  crystals  by  the  appearance  of  a  transient  blue  color, 
when  treated  with  nitric  acid,  but  v.  Jaksch  rightly  regards  this  re- 
action as  of  doubtful  value,  as  a  blue  color  is  similarly  obtained  when 
bile-stained  elements  of  a  urinary  sediment  are  treated  in  this  manner. 

Fat. — When  small,  strongly  refractive  globules  of  fat,  which 
may  be  readily  recognized  by  their  solubility  \n  ether,  are  observed 
either  floating  on  top  of  the  urine  or  held  in  suspension,  it  is  neces- 
sary to  ascertain  first  of  all  whether  such  fat  may  not  have  been  in- 
troduced into  the  urine  accidentally,  owing  to  the  use  of  a  bottle  or 
vessel  not  absolutely  clean,  previous  catheterization,  etc.  The  di- 
agnosis Lipuria  should  only  be  made  when  all  possible  precautions 
have  been  taken  to  insure  against  the  accidental  presence  of  this  sub- 
stance. Every  {)hysician  who  has  frequent  occasion  to  examine  urines 
has  undoubtedly  met  with  instances  in  which  fat-globules  were  found, 
and  in  which  a  careful  inquiry  showed  that  these  were  only  acci- 
dentally present.  True  lipuria,  /.  e.,  an  elimination  of  fat,  usually 
in  the  form  of  minute  droplets  floating  in  the  urine,  has  been  noted 
in  various  cachectic  conditions,  in  cases  of  heart-disease,  aflections  of 
the  pancreas  and  liver,  in  gangrene,  and  pyaemia,  in  diseases  of  the 
bones,  esjiecially  following  fractures,  in  diseases  of  the  joints,  etc. 
Fat  has  also  l)een  observed  in  the  urine  following  the  ingestion  of 
large  amounts  of  cod-liver  oil  and  inunctions  with  fats  and  oils. 

In  fatty  degeneration  of  the  kidneys,in  Bright's  disease,  phosphorus- 
[)oisoning,  etc.,  minute  droplets  of  fat  may  be  seen  in  the  epithelial 
cells  and  tube-easts.  The  true  nature  of  these  may  be  recognized  by 
their  solubility  in  ether,  l)enzol,  chloroform,  carbon  bisulphide,  xylol, 
etc.,  and  the  fact  that  they  are  colored  black  when  treated  with  a 
0.0-  to  1.0-per-ccnt.  solution  of  osmic  acid,  and  red  when  a  drop  of 
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tincture  of  alc*anna  \s  added  to  the  specimeD.  A  very  conveni^n: 
method  of  dem«»n<trating  the  presence  of  fet  is  also  the  following: 
A  few  cubic  centimetres  of  the  urine  are  mixed  with  an  e«)ual  volume 
of  96-per-cent.  alcohol,  and  a  concentrated  solution  of  Sudan  III. 
in  lH>-j>er-cent.  alcohol.  The  sediment,  which  soon  collects,  is  then 
exan)ine<l  under  the  microscoi)e ;  the  excess  of  stain  is  removwl 
by  allowing  a  few  drops  of  00-  or  7(>-per-cent.  alcohol  to  rim  under 
the  coverslip  and  removing  it  with  filter  paper^  placed  at  the  edg^? 
of  the  preparation.  The  fat  dn»plets  are  thus  colored  an  intens*- 
scarlet  re<l,  while  granules  of  albuminous  origin  are  unstaine<I.  Fr^ 
fat  <"an  of  course  l>e  < lemons trate<l  in  the  same  manner. 

The  occurrence  of  fat-<lroplets  in  the  morphologic  elements  of  a 
urinary  sediment  should  not  Ik?  regarded  as  a  form  of  lipuria. 

The  largest  amounts  of  fat  are  ol)served  in  chyluria,  a  condition 
which  is  usually  due  to  the  prescMice  of  a  distinct  parasite  in  th<f 
blood,  the  iilaria  s^ui«;uinis  hominis,  or  more  rarely  the  distoma 
haematobium,  which  has  been  referred  to  in  the  c*hapter  on  Blood 
(see  Chyluria). 

Sediments  Occuiring  in  Alkaline  Urines. 

Baxic  PliosjJi(ifrj<  of'  (\t/rimii  ttufl  Matjnexhim, — The  most  Cf»mmon 
sediments  observed  in  alkaline  urines  consist  of  amorphous  phos- 
phates of  calcium  and  majrnesium.  They  are  usually  as  abundant 
as  the  urate  sediments,  which  have  already  bec^n  descril>cd,  but  mav 
l>e  rciulilv  di^tiiiiruished  from  these  bv  the  fact  that  thev  do  not  dis- 
solve  upon  the  a]>])lication  of  heat,  but  readily  disap|>ear  ujxm  the 
addition  <»!'  aortic  aci<l,  and  are  iK^ver  c<dored.  In  this  nianiuT  it  is 
also  easy  to  (li-tinirui^li  -iich  a  scdiinont  from  one  due  to  pus,  with 
wliich  it  iiiJLrht  |n»>-il)ly  be  contounded  at  tirst  sight.  U|>on  nii(*n>- 
scopir  cxaininatioii  a  drop  of  tlie  sediment  will  Ik*  seen  to  c\>ntain 
inniiinerablr  trari>|)ar<'nt  uraniile<,  scattered  over  the  entire  tield, 
and  closely  res«'iiil)liiiL:  those  (►t*  urate  of  sodium  and  [)0tassiuni. 

IMio<|)hatic  sediment^  are  ol)serve<i,  as  mentioned  elsewhere,  when- 
ever the  reaction  of  tlie  urine  is  alkaline,  whether  this  is  owing  to 
the  i)rcsence  of  tixcd  alkalies  or  to  ammoniaeal  fermentation. 

Aniinoniiiiii  nrtift  \<  i)\\\y  observed  in.  urines  which  are  undergoing 
ammoniaeal  fermentation.  Its  ])resence  shoidd  always  c:ill  for  a 
careful  investipition  in  order  t<>  ascertain  whether  this  has  taken 
j)laec  after  the  urine  ha<  l>een  voided  or  before  (see  Reaction). 

Tiie  sidt  occurs  in  the  form  of  colored  s]>herieal  bodies  of  variable 
size,  which  are  frequently  beset  with  prismatic  sjneules,  and  are  not 
easily  mistaken  for  any  other  substance  which  nuiy  be  present  in 
urinary  sediments  ( Fi<r.  11. 'V).  It  is  characterized,  moreover,  by  its 
solubility  in  ac<'tic  and  hydrochloric  aci<ls,  and  the  subseqiu^nt  sepa- 
ration of  rhombic  crvstals  of  uric  acid. 
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Magnesium  phosphate  has  been  described  above  (see  p.  468). 

Aiiunonio'magni'sium  phosphate, — ^While  the  well-known  coffin-lid 
crystals  arc  commonly  seen  in  feebly  acid  urines,  as  pointed  out,  ani- 
nionio-magnesium  pliosphate  presents  a  great  variety  of  forms  in  al- 
kaline urines,  and  especially  in  sjiecimens  undergoing  ammoniacal 
fermentation  (see  Fig.  103). 

Fig.  113. 
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Aiumonium  urate  crystals. 


Calcium  Cahhonate  frequently  occurs  in  alkaline  urines,  and 
appears  under  the  microscope  in  the  form  of  minute  granules,  occur- 
ring singly  or  arranged  in  masses ;  dumb-bell  forms  are  also  seen 
(Fig.  114).  They  may  be  recognized  by  the  fact  that  they  readily 
dissolve  in  acetic  acid  with  the  evolution  of  gas. 


Fig.  114. 


Calcium  carbonate  crvstals. 


iNDiciC)  in  the  form  of  delicate  blue  needles  (Plate  XVII.),  arranged 
in  a  stellate  manner  or  in  plates,  visible  only  with  the  microscope,  is 
rarely  seen,  and  a  specimen,  such  as  the  one  which  v.  Jaksch  pic- 
tures, can  only  l)e  regarded  as  a  medical  curiosity.  In  an  amor- 
phous condition,  however,  indigo  may  l)e  met  w^ith  in  almost  every 
decom[)osed  urine,  occurring  in  the  form  of  small  granules,  and  fre- 
quently staining  the   morphologic  elements  that  may  be  present  a 
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distinct  blue.  ScilimeDt:;  whioh  present  &  bluish-black  oolor  vctt 
already  noted  at  the  time  of  Hippocmtes,  and  have  since  been  dr- 
Heribcd  by  niinieruus  observers,  although  the  true  nature  of  the  col- 
orin^r-niatler  has  only  l>een  determined  within  the  last  fifty  yeais. 
Clinically  the  occurrence  of  indigo  in  the  urine  is  of  interest  oolj 
in  so  far  a.-^  renal  calcnl!  have  been  ohacn-ed  whicli  consisted  altDcet 
entirely  of  ihi.'  substance.  But  little  is  known  of  the  causes  which 
give  rise  tu  its  ajipearantv  in  the  urine,  but  there  can  be  no  doubt 
tiiat  its  wcum-ncc  is  referable  to  the  action  of  certain  micro-organ- 
igme  n[K>n  urinary  iudican  (^  p.  456). 

Org^nued  Constituents  of  Urinary  BedimentB 

Epithelial  Cells. — (Fig.   11  j)     Bearing  in  mind   the    fact  that 
de^iuamative   pnn-osse!-  are  constanth    going  on   in   the  epithelial 
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ally  happens,  and  cells  apparently  derived  from  the  meatus,  the 
urethra,  bladder,  ureters,  and  pelvis  of  the  kidneys  may  be  met  with 
in  almost  every  specimen,  although  it  may  at  times  be  difficult  to 
refer  the  individual  cells  observed  to  their  proper  origin.  Bizzozero 
even  claims  that  it  is  impossible  to  distinguish  between  the  cells  of 
the  bladder  and  those  of  the  meatus  and  renal  pelvis,  while,  as  a 
class,  they  may  be  readily  differentiated  in  most  cases  from  the  cells 
of  the  urethra,  the  ureters,  the  prepuce  of  the  male  and  the  vulva 
and  vagina  of  the  female.  Cells  from  the  uriniferous  tubules  of  the 
kidneys,  on  the  other  hand,  are  seldom  seen  in  normal  urines,  and 
when  they  do  occur  it  is  imix)ssible  to  determine  their  exact  origin ; 
/.  e,y  the  particular  portion  of  the  tubule  from  which  they  have  been 
detached.  Cells  presenting  the  characteristic  striated  appearance 
seen  in  the  irregular,  and  to  a  less  evident  degree  in  the  convoluted 
portions  of  the  uriniferous  tubules,  are  never  observed  in  the  urine. 
This  fact,  as  well  as  the  usual  absence  of  true  glandular  cells,  re- 
mains as  yet  to  be  explained.  It  does  not  appear  improbable  that 
the  absence  of  these  cells  may  be  referable  to  a  less  marked  degree 
of  desquamation  going  on  in  those  parts,  in  which  the  mechanical 
injury  to  which  the  epithelium  is  subject  must  of  necessity  be  far 
less  severe,  than  in  the  remaining  portions  of  the  urinary  tract,  and 
j)articularly  in  the  bladder  and  urethra. 

As  has  been  stated  elsewhere,  the  number  of  epithelial  cells  occur- 
ring in  urinary  sediments  under  physiologic  conditions  is  small,  and 
the  presence  of  large  numbers  may  hence  always  be  regarded  as 
abnormal,  and  indicating  the  existence  of  a  circulatory  or  inflamma- 
tory disturbance  affecting  some  portion  of  the  urinary  tract. 

Were  it  possible  in  every  case  to  determine  the  exact  origin  of  the 
cells,  it  is  evident  that  information  of  great  value  could  thus  be 
obtained,  and  that  it  would  be  a  comparatively  simple  matter  to 
localize  the  lesion.  Unfortunately  this  is  not  always  possible,  as  the 
form  of  the  cells  is  dependent  to  a  certain  extent  upon  the  reaction 
of  the  urine,  an  alkaline  or  neutral  reaction  causing  the  cells 
to  swell  and  to  appear  larger  and  rounder  than  is  the  case  in 
acid  urines.  As  has  been  mentioned,  the  cellular  type  is  prac- 
tically the  same,  moreover,  in  the  bladder,  ureters,  and  pelvis  of  tlie 
kidneys. 

Definite  conclusions  should  hence  be  drawn  only  exceptionally 
from  a  microscopic  examination  alone,  but  there  can  be  no  doubt 
that  in  conjunction  with  other  factors  and  the  clinical  history  the 
demonstration  of  a  normal  or  increased  number  of  epithelial  cells 
may  frequently  be  of  decided  value  in  a  differential  diagnosis,  and 
taking  these  factors  into  consideration  it  may  even  be  possible  to 
localize  the  seat  of  the  lesion.  If  attention  is  directed  to  the  struc- 
ture of  the  individual  cell,  and  this  holds  good  more  especially  for 
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the  cell-  'leriv*-*!  fn>ni  the  urinifen>us  tubules,  an  idea  may  at  timei 
even  U:-  lMrme<l  «»f  the  character  of  tlie  lesion  (see  beloir). 

Ultzrnann  n.-c nrnizes  three  forms  of  epithelial  cells  "which  mav  W 
fiiind  in  urinarv  M^limenis.  viz: 

1.   Hmuu<1  i-ellj*. 

L'.  <  "^iniral  and  caudate  ci-lls. 

:;.  FlatcvlU. 
//..#//!//  .v//j*  are  iisiiallv  deriveil  from  the  uriniferous  tubules  and 
the  dee|»er  layi.r>  **\  the  niuct»us  membrane  of  the  pelvis  of  the  kid- 
nev-*.  In  the  urine  thev  present  a  more  or  less  rounded  form  ami 
are  proviile<l  with  a  distinct  nucleus  ;  they  are  not  much  lar^r  than 
pus-c«»rpu-cl»/s.  Fn»m  the  latter  they  are  distinguLsheil  by  the  pre>- 
ence  <»f  a  \vell-<letin»*<l  nudeu-,  which  in  pus-cells  becomes  distinct 
only  ujK»n  the  addition  of  acetic  acid,  and  is  moreover,  polvmorphoiis. 
Whenever  surh  cell-  are  found  adhering  to  urinary  casts,  which  mav 
at  times  (N»nsi<t  t-ntirely  of  these  structures,  it  is  clear  that  thev  repre- 
s<:*nt  the  irlandular  e]<in<nts  j)n»j)er  of  the  kidneys.  As  similar  cells 
are  found  in  the  male  urethra,  some  confusion  may  jx)ssiblv  ari?e. 
Should  albumin,  however,  be  pre>ent,  the  pn^lxibilities  are  that  tlie 
cflls  are  of  renal  oriirin.  The  presence  of  such  cells  in  large  num- 
Vkts  togetlior  with  pu.-.  in  the  absence  of  tube-casts  and  albumin, 
l»eyond  traces,  will  usually  indicate  the  existence  of  a  simple  pvelitis, 
particularly  if  round  cells  are  found  joined  together  in  a  shingle-like 
manner.  Shnuld  the  ])yelitis  Ix^  associated  with  a  nephritis,  tiil)e- 
i'astsand  albumin  in  larger  amounts  will  at  the  same  time  l>c  present. 
In  such  case>  it  may  l)e  impossible  to  determine  the  origin  of  the 
cell>,  excepting  ot'  such  that  may  adhere  to  casts.  In  simple 
cinMiIatnry  dirturbanrrs  atVrcting  tlie  renal  parenchyma  no  siHHMal 
abnormalities  can  br  di-covcrcd  in  the  structure  of  the  colls,  \vhile 
in  ca.-cs  of  fatty  (bgrncratinn  of  tlic  kidneys  they  will  Ik*  seen  to 
contain  i'atty  particle-  in  greater  or  less  abundance,  so  that  it  mav 
be  po.-«<il)le  to  determine  the  exi.-tcncc  of  degenerative  processes 
which  may  ])e  ol"  iuHammaiory  or  non-inilammatoiy  origin.  Tlie 
same  may  be  <aid  to  hold  good,  if  the  epithelial  elements  are  mark- 
edly Liranular  and  occur  in  frao:ment,-. 

(nit'n-nl  (intl  (uiiidntr  (ullfi  wvi^  mostly  derived  frfuii  the  superficial 
layers  of  the  ])elvis  of  the  kidneys,  and  are  hence  especially  seen  in 
(tax'S  of  py(^litis.  Similar  cells  are  also  found  in  the  neck  of  the 
bladder,  and  may  usually  be  distinguished  from  those  of  the  pelvis, 
by  the  greater  lenuth  ol'  their  ])rocesses. 

Flat  cells  may  come  from  the  ureters,  the  bladder,  the  prepuce  of 
the  male,  and  the  vulva  and  vagina  of  the  female.     These  cells  pre- 
sent the   usual   characteristics  of  scjuamous  e])itheliurn,  b<.'ing   large, 
])olygonal   in   form,  and  ])rovi(led  with  a  well-defined   nucleus  ;   the 
extra-nuclear  protcjplasni  is  only   slightly  granular.     Other  more  or 
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less  rounded  forms  are  also  seen  which  are  derived  from  the  deeper 
layers  of  the  mucosa,  but  may  be  distinguished  from  the  small  round 
cells  of  the  kidneys  proper.  Irregular  or  conical  cells,  often  provided 
with  one  or  more  protoplasmic  processes,  likewise  come  from  the 
lower  layer  of  the  mucosa  of  the  bladder  and  ureters. 

While  the  cells  of  the  bladder  may  thus  be  confounded  with  those 
of  the  ureters  and  vagina  under  the  microscope,  it  is  not  likely  that 
a  vaginitis  or  vulvitis  will  be  mistaken  for  a  cystitis  or  a  ureteritis. 
In  doubtful  cases  specimens  of  urine  should  be  procured  by  means 
of  the  catheter,  care  being  taken  to  first  thoroughly  cleanse  the  vulva. 
The  warped  a])pearance  so  frequently  seen  in  vaginal  epithelial  cells, 
and  the  fact  that  they  often  and  indeed  usually  appear  in  masses, 
may  further  aid  in  the  differential  diagnosis. 

It  has  been  pointed  out  by  Peyer  that  the  presence  of  pavement- 
epithelial  cells,  together  with  mucus  and  leucocytes,  in  the  urine  of 
hysterical  and  anajmic  girls  may  be  regarded  as  indicating  an  irrita- 
tive condition  of  the  genitals,  possibly  in  consequence  of  masturba- 
tion. Bearing  in  mind  the  moist  and  sensitive  condition  of  the  vulva 
of  female  masturbators,  such  a  view  appears  plausible. 

A  ureteritis,  notwithstanding  the  fact  that  the  ureteral  cells  closely 
resemble  those  of  the  bladder,  may  be  inferred  indirectly,  the  pres- 
ence of  squamous  cells  in  abundance  pointing  to  a  cystitis,  a  small 
increase  in  their  number  to  ureteritis.  In  conclusion,  it  should  be 
stated  that  the  so-called  mucous  corpuscles  present  in  every  urine 
are  nothing  more  than  young  vesical  cells. 

From  what  has  been  said  it  is  clear  that,  with  due  precautions  and 
taking  other  factors  into  consideration,  the  discovery  of  epithelial 
cells  in  large  numbers  in  urinary  sediments  may  be  of  decided  value 
in  diagnosis. 

Leucocytes. — Tjeucocytes  are  only  encountered  in  very  small 
numbers  in  normal  urines.  A  marked  increase  should,  hence,  always 
be  regarded  as  indicating  the  existence  of  disease  somewhere  in  the 
course  of  the  urinary  tract,  excepting  in  females,  where  their  presence 
may  be  owing  to  an  admixture  of  leucorrhoeal  discharge.  In  that 
case  the  source  of  the  pus  will  generally  be  recognized  by  the  simul- 
taneous occurrence  of  pavement-ej)ithelial  cells  of  the  vaginal  type,  in 
correspondingly  large  numbers.  In  doubtful  cases  the  urine  should 
always  l)e  obtained  with  the  catheter,  care  l>eing  taken  to  thoroughly 
cleanse  the  vulva  before  the  introduction  of  the  instrument. 

Occasionally  the  pus  is  derived  from  a  neighboring  abscess  that 
has  opened  into  the  urinary  passages. 

The  amount  of  pus  which  may  be  found  in  urines  is  most  variable4 
On  the  one  hand,  deposits  scvenil  cm.  in  height  are  not  at  all  un- 
common, and  closely  resemble  deposits  of  phosphates  in  appearance, 
for  which  they  are  indeed  frequently  mistaken ;  on  the  other  haud^ 
31 
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it  may  only  be  iK^^ible  tu  discover  the  preseDce  of  pus  by  meaos  of 
tlie  iiiicro?<ir»pe,  whicli  should  he  employed  in  every  case. 

The  appearance  of  the  pus-cr>rpu«cles  likewise  varies  in  different 
case< :  In  add  urines  their  form  is  usually  well  preserved,  and  in 
fei'bly  alkaline  and  neutral  specimens  it  may  even  be  possible  to 
observe  am«L'b(»id  movements,  when  the  slide  is  carefullv  warmed. 
In  alkaline  urines,  however,  they  usually  swell  up  and  bec(>me 
o|»a<|ue.  <4»  that  it  is  im|N»ssible  to  discern  their  nuclei  unless  ther 
are  treatetl  with  acetic  acid.  At  other  times,  and  particularly  when 
pus  has  lon^  remainwl  in  the  body,  as  where  a  neighboring  absceas 
has  burst  into  the  urinary  (lassages,  it  may  almost  be  impossible  to 
make  out  a  nucleus,  and  in  extn^me  instances  nothing  but  a  mass  of 
granular  and  fatty  detritus  is  lefl. 

While  with  a  certain  degree  of  ex|)erience  it  is  hardly  likely  that 
a  sediment  of  pus  will  be  mistaken  for  anything  else,  such  as  a  de- 
|)osit  of  phosphates,  it  should  l>e  remenil)ered  that,  if  pus  is  ex]M)sed 
to  the  action  of  ammonia,  or  an  ammonium  salt,  the  pus-corpuscles 
become  disintegrated.  In  such  cases,  as  in  cystitis,  in  which 
ammoniacal  deconi|K)sition  of  the  urine  has  taken  place  in  the  bladder, 
a  deposit  may  Ik?  obtaine<l  which  macroscopically  resembles  mucus, 
and  in  which  pns-corpusclc*s  may  not  even  i>e  demonstrable  with  the 
niicroscoj>e.  The  sediment  then  c»scapes  as  a  gelatinous,  slipper}* 
mass  when  the  urine  is  jKjured  from  one  vessel  into  another.  Re- 
course must  then  he  had  to  certain  chemical  tests,  as  a  pyuria  might 
otherwise  be  overlooked.  To  this  end  the  following  procedure,  sug- 
gested by  ^"itali,  may  be  emj>loyed  : 

The  urine,  after  having  l)e<'n  acidified  with  acetic  acid,  is  filtered, 
and  the  contents  oi'tlie  filter  treate<l  witli  a  few  drops  of  tincture  of 
gnaiaeuni  whicli  lias  been  ke])t  tVoin  the  lijrht,  when  in  the  presence 
oi'  j)ns  the  filter-paper  is  colored  a  (I<H'])  blue. 

A  solution  of  io<lo-potassic  iodide  may  ho  employed  in  less  extreme 
instances.  A  drop  of  this  solution  is  added  to  a  drop  of  the  sedi- 
ment upon  a  slide,  when  the  ])us-corpuscles,  owing  to  the  presence  of 
glyco(j^en,  are  colored  a  dark  mahoirany-hrown,  while  epithelial  cells, 
with  certain  i'orm^  oi' which  they  mi»^ht  possibly  be  mistaken,  assume 
a  li<rht  c<)l()r. 

/>o/////'.v  jtfis-ffsf  is  i)ased  upon  the  fact  that  the  transformation  of 
j>us  into  a  ^^-clatinous,  mu<'us-like  mass,  ohservcHl  in  easels  of  cystitis, 
owinjx  to  the  action  ot' ammonium  carbonate,  mav  also  be  artifieiallv 
produced  l)v  the  addition  of  a  small  ])iec(»  of  caustic  soda,  and  stir- 
riiiir,  when  in  the  presenile  of  pus  in  small  amounts  the  li(|nid  be- 
comes mucilatrinous  and  ro])y,  while  a  <i:<'latin()us  mass  is  obtaine<l  if 
it  is  abundant. 

Vvom  a  clinical  point  of  view  it  is  most  important  to  establish  the 
source  (d'  the  pus  in  every  case  ot*  imnrht.     This   may  at    times    be 
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difficult,  but  the  following  data  will  be  found  of  value  in  a  diflferen- 
tial  diagnosis : 

1.  In  diseases  aflTecting  the  renal  parenchyma  the  amount  of  pus, 
as  a  rule,  is  small,  except  where  a  large  abscess  located  in  the  kidney 
structure  proper  has  suddenly  burst  into  the  pelvis  of  the  kidney. 

In  uncomplicated  cases  it  is  a  comparatively  easy  matter  to  recog- 
nize the  renal  origin  of  the  pus,  as  other  constituents,  such  as  renal 
epithelial  cells,  and  especially  tube-casts,  are  usually  present  at  the 
same  time,  and,  as  was  noted  in  the  case  of  renal  epithelial  cells, 
leucocytes  are  quite  frequently  found  adhering  to  the  tube-casts,  and 
at  times  apparently  compose  these  entirely,  when  they  are  spoken  of 
as  puH-casts  (see  Casts).  In  nephritis,  according  to  Bizzozero,  the 
number  of  pus-corpuscles  stands  in  a  direct  relation  to  the  intensity 
and  acute  character  of  the  morbid  process,  the  greatest  number 
being  found  in  cases  of  acute  nephritis,  while  in  the  chronic  forms 
tlieir  number  is  usually  insignificant.  Whenever,  in  the  course  of  a 
chronic  nephritis,  large  numbers  of  pus-corpuscles  appear,  they  may 
be  regarded  as  indicating,  either  an  acute  exacerbation  of  the  disease, 
or  a  complicating  inflammation  of  some  portion  of  the  urinary  tract. 
In  such  cases  errors  may  be  guarded  against  by  carefully  observing 
the  number  and  character  of  the  epithelial  cells  present  at  the  same 
time,  when  it  will  often  be  found  that  what  at  first  sight  appears  as 
an  acute  exacerbation  of  a  chronic  process,  judging  from  the  number 
of  pus-corpuscles,  is  in  reality  a  secondary  pyelitis,  ureteritis,  or 
cvstitis. 

In  cases  of  simple  renal  hypereemia  pus-corpuscles  never  occur  in 
notable  numbers. 

2.  In  pyelitis  the  amount  of  pus  eliminated  may  vary  consider- 
ably, and  at  times  even  perfectly  normal  urine  may  be  voided.  This  is 
probably  owing  to  the  fact  that  the  ureter  of  the  affected  side,  if 
the  disease  is  unilateral,  becomes  obstructed  temporarily,'  when  sud- 
denly large  quantities  may  again  appear.  The  diagnosis  of  pyelitis 
is  often  difficult,  and  should  be  based  not  only  ui>on  the  condition  of 
the  urine,  but  upon  the  clinical  symptoms.  Very  significant  is  the 
fact  that  the  urine  in  pyelitis  is  usually  acid,  a  point  to  be  remem- 
bered in  the  differential  diagnosis  between  this  condition  and  cystitis, 
with  which  pyelitis  is  (juite  frequently  confounded.  A  careful  ex- 
amination of  the  epithelial  elements  may  also  be  of  value,  and  should 
never  be  neglected.    Bacteria  in  large  numbers  are  generally  present. 

When  pyelitis  is  associated  with  nephritis  it  may  at  times  be 
almost  impossible  to  determine  the  origin  of  the  pus,  but  if  the  rule 
set  forth  above  is  remembered,  that  in  chronic  nephritis  the  number  of 
leucocytes  is  always  small,  it  is  not  likely  that  a  pyelitis  will  be  over- 
looked, particularly  if  the  clinical  symptoms  are  taken  into  consider- 
ation. 
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Matteis  may  lin-itme  >till  nmre  cimi plicated  when  a  cystitis  i*  ac- 
crmiiKinif^J  hy  a  py**liti.s  or  a  iiyelonephritis.  C  atlieterizatiou  of  the 
un.'ters,  the  tVasibilitv  uf  which,  even  in  the  male,  has  been  clcarlv 
dem«Mi«trateil  hv  tlie  late  Dr.  James  Bmwn,  should  then  l^e  resoned 
tOy  and  it  \y  hi^rhly  desirable  that  thi^  ni«>st  valuable  method  of  diag- 
nosis -h<iuld  l>en">me  c<»mmon  pn»|>ertv,  a.s  soon  as  poe^sible.  Fisohl 
rejninl>  the  presenci*  of  cylindric:d  masses  composoil  of  pus-cor- 
puscles, f«»nneil  in  all  pmliability  in  the  papillary  ducts,  as  highly 
charact*Ti??tic  of  pyelitis.  In  the  examination  of  a  number  of  ca?e? 
of  this  kind,  however,  I  have  never  l)een  able  to  demon.strate  their 
presence. 

3.  A  pyuria  referabh*  to  ureteritis  can  hardly  be  diag7if>sed  fnim 
the  aj»i)ea ranee  cjf  the  urine,  an»l  in  susiK^ted  cases  catheterization  of 
the  ureters  .-hould  l>e  n»s<.»n»*d  to,  which  may  |K)ssibly  elicit  some  in- 
forniati<»n  of  value. 

4.  In  mild  <ases  of  cystitis  pus  may  be  altogether  absent,  while  in 
the  more  severe  forms  its  presence  is  constant.  In  cystitis^  the  larg- 
est amounts,  refiTalile  to  disease  of  the  urinary  organs,  are  obser\-t<l, 
and  are  exc<'eded  only  in  those  rare  conditions,  in  which  a  neighl>or- 
ing  absces>  has  sudtlenly  oj>ened  into  the  urinary  passages. 

As  tin*  urine  in  evstitis  is  usuallv  alkaline,  and  alwavs  so  in  the 
more  severe  forms,  the  alkalinity  l)eing  due  to  ammoniacal  fermen- 
tation, it  may  lia])pen,  owing  lo  the  disintegrating  action  of  the  am- 
mouium  carbonate  uj)on  the  pus-<*orpuscles,  that  these  may  not  even 
Ix*  demonstrable  with  the  microscojK%  and  that  a  gelatinous,  mu- 
coid sediment  ap|>ears  instead,  which  escapes  from  the  vessel  <>* 
///f/.vxr,  wIm'Ii  ijic  urine  is  poured  out.  Vitali's  test  for  pus  (referreil 
to  on  p.    1><2)  >lioul<l  be  employed  in  sucli  eases. 

i">.    In  nrrtliritis  pus  niiiy  be  present  in  the  urine  in  coiisider:d)]e 
aniouiit>.      The   >onree  •)f  the   pus   is   reeojrnizcd   by  the  flict   that  a 
di'op   may  be   mamially  express<'d    from   the   urethra,  partieularlv  in 
the    morning    upon    awakiiiir.       Mneoi<l    gonorrlueal    threads, — the 
**  Tripperfjiden  "  of  tlie  ( iennaus, — whieli  arc  largely  comjxised  of 
pus-eorpnsele<  will  almost  always  be  detected   in   the  urine    in   such 
eases  (  Fitr.  l*J<i).     In  order  to  distinguish  between  a  simple  urethritis 
and  a  urethritis  eom|»Iieate<l  with   cystitis,  the  urine  shoidd    be   ob- 
tained in  two  })ortions  and  allowed  to  settle.      In  simjde  urethritis, 
affecting  the  anterior  portion  oi'  the   urethra,  the  first   specimen    is 
cloudy,  while  the  seeon<l  one  is  clear.      If  the  urethritis,  however, 
has  extended   Xn  the  neck  of  the  bla<l<ler,  in  the  absen(*e  of  cystitis, 
the   first    portion   will,  of  course,  be  clondv,  while   the  second    mav 
present   a  variable  a])pea ranee,  being  clear  at   times  and  cloudy  at 
others.     This  ]>hen<nnenon  is  ex]>lained  by  the  fact  that  a  ix>rtion  of 
the  pus  contained  in  the  jM>steri(U'  ]>ortion  of  the  urethra  has  found 
its  wav  into  the  bladder.      A  cvstitis  mav,  however,  be  excluded  bv 
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the  acid  reaction  of  the  second  specimen,  and  the  fact  that  the  latter 
is  never  so  cloudy  as  the  first.  In  cases  of  urethritis  complicated 
with  a  purulent  cystitis  the  second  portion  of  the  urine  contains  at 
least  as  much  pus  as  the  first,  and  usually  more,  owing  to  the  fact 
that  the  pus,  which  is  heavier  than  the  urine,  falls  to  the  floor  of  the 
bladder,  in  which  case  also  the  last  drops  passed  will  often  be  found 
to  be  pure  pus.  The  reaction  of  the  urine,  moreover,  will  then  gen- 
erally be  alkaline. 

0.  A  sudden  elimination  of  large  quantities  of  pus  w^ith  a  urine, 
which  up  to  that  time  has  presented  a  normal  or  nearly  normal  ap- 
pearance, may  almost  always  be  referred  to  the  rupture  of  a  neigh- 
boring abscess  into  the  urinary  passages.  Exceptions  to  this  rule 
have  been  noted  in  rare  instances  in  which  large  amounts  of  pus 
suddenly  appeared,  the  origin  of  which  could  not  be  demonstrated 
upon  post-mortem  investigation.  Whether  such  a  phenomenon,  as 
V.  Jaksch  suggests,  is  dependent  upon  "  unusual  conditions  favoring 
diapedesis"  remains  an  open  question. 

Emtmcration  of  the  Pu^  Corpuscles  in  the  Urine, — In  order  to  deter- 
mine the  relation  existing  between  the  degree  of  pyuria  and  albumin- 
uria, as  well  as  to  watch  the  progress  of  an  individual  case,  an  enu- 
meration of  the  number  of  pus-corpuscles  is  at  times  necessary. 
To  this  end  a  specimen  of  the  urine  is  thoroughly  shaken  and  the 
number  of  corpuscles  contained  in  one  cubic  millimetre  ascertained 
with  the  aid  of  the  Thoma-Zeiss  blood  counter.  Dilution  with  a 
three-per-cent.  solution  of  common  salt  is  necessary,  when  a  pre- 
liminary examination  has  shown  the  presence  of  more  than  40,000 
corpuscles  per  cbmm.  A  dilution  of  five  times  is  usually  sufficient. 
Ill  every  case  one  hundred  squares,  at  least,  should  be  counted. 

Some  of  the  results  which  have  thus  been  obtained  are  extremely 
interesting.  In  light  cases  of  cystitis  5,000  pus-corpuscles  are 
found  on  an  average  in  the  cubic  millimetre ;  in  cases  of  moderate 
severity  from  10—20,000,  while  in  severe  cases  50,000  and  even  more 
may  be  seen.  In  one  case  of  cystitis,  complicating  carcinoma  of  the 
bladder,  Hottinger  obtained  152,000  per  cbmm.  In  the  presence  of 
less  than  50,000  a  mere  trace  of  albumin  is  found,  and  with  80,000— 
100,000  only  one  pro  mille  is  referable  to  this  source. 

Red  Blood-corpuscles. — The  presence  of  red  blood-corpuscles  in 
the  urine,  constituting  the  condition  usually  spoken  of  as  hiBnuituria, 
is  observed  only  in  pathologic  conditions,  and  is,  in  contradistinc- 
tion to  hajmoglobinuria  (which  see),  a  very  common  occurrence. 

Urine  containing  blood-corpuscles  in  notable  numbers  presents  a 
color  which  may  vary  from  a  bright  red  to  a  dark  brown,  verging 
uj)on  black.  Ui)on  standing,  a  sediment  of  a  corresponding  color  is 
ol)tained  in  which  distinct  coagula  of  variable  size  are  at  times  seen. 

If  the  urine  should  only  contain  a  small  number  of  red  corpus- 
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c]e«.  however,  no  deviation  from  its  nomial  appearance  will  be 
Doted y  and  the  diagnosis  of  hannatiiria  can  then  only  be  made  with 
the  niicn»?<ytpe.  which  should  be  emploved  in  every  case.  The  ap- 
pearance ^if  the  red  cnrpu^cles  varies  greatly,  being:  infloenced  espe- 
cially hy  the  length  of  time  during  which  they  have  been  exposed  to 
the  urine.  In  case<f  of  hematuria  of  urethral  or  vesical  origin  it 
will  l>e  fi»und  that  they  iiave  mos^tly  retained  their  normal  appearance 
fairly  well,  or  have  become  crenated,  when  they  may  be  recognixed 
without  difficulty.  Other  corpuscles,  however,  will  probably  also  be 
seen  which  are  no  longer  biconcave,  but  which  have  become  spher- 
ical or  >hrunken.  and  |>rc*?eut  an  irregular  outline.  In  cases,  on  the 
other  hand,  in  which  the  corpuscles  have  remained  in  the  urine  for  a 
longer  time,  as  in  hsematuria  of  renal  origin,  the  inexperienced  will 
frequently  l)e  ]>uzzle<l  by  the  presence  of  small  bodies  of  the  size  of 
red  corpuscles,  or  somewhat  smaller,  which  are  entirely  devoid  of 
coloring-matter,  and  merely  appear  as  faint,  transparent  rings,  often 
presenting  a  double  ccmtour,  and  in  which  no  nucleus  can  be  discov- 
ered. These  ff»rmations  are  red  blood-corpuscles  from  which  the 
htemoglobin  has  been  dissolved.  They  are  usually  spoken  of  as 
blfxpfl-Mfinflotrs,  Chemical  tests  are  rarely  necessary,  but  may  be  em- 
ployed, if  any  doubt  should  arise  (see  p.  401). 

Cliniciilly  it  is,  of  course,  all-important  to  determine  the  souroe  of 
the  bl<KKl.  This  may  at  times  be  accomplished  without  much  diffi- 
culty by  a  urinary  examination,  bat  at  other  times  it  may  almost  be 
impossible,  when  the  <*linical  symptoms  and  physical  signs  must  he 
taken  into  consideration. 

1.  Iljematiiria  of  urethnil  origin,  duo  to  urethritis,  or  traumatism 
incident  to  catheterization,  for  example,  is  a  common  event,  and 
readily  (liapios<Kl,  as  in  such  cases  blood  either  escapes  of  its  own 
accord  trom  the  urethni,  or  may  be  s<iueezed  out  manually.  The  last 
|K)rtion  of  the  uriiu;  voided,  moreover,  will  always  be  found  free 
from  I>1<mk1,  unless  the  latter  is  referable  to  disease  of  the  neck  of  the 
bladder,  when  the  blood  apjR'ai-s  only  toward  the  end  of  micturition, 
or  at  least  more  markedly  then  than  in  the  beginning. 

2.  The  diatriiosis  of  vesieal  hicniatiiria  is  not  alwavs  easilv  made. 
It  should  he  remembered,  however,  that  the  bloo<l- corpuscles  here 
j)resent  a  normal  a|)i)earane(»,  as  has  Ixien  mentionc<l,  unless  amnio- 
niaeal  fermentation  is  (K-cnrring  in  the  bladder,  in  which  case  blo<Kl- 
shadows  are  seen  in  larjre  numbers.  Tlie  blood,  moreover,  is  less 
intimately  mixed  with  the  urine  than  in  eases  of  renal  Inematuria, 
so  that  the  corpuscles  rapidly  settle  after  the  urine  has  been  |uissed. 
Hlooil-elots  of  an  irrepilar  form  and  considerable  dimensions  can 
only  b(»  of  vesical  orij^in.  A  careful  examination  for  the  presence 
of  any  other  morpholo<rie  constituents  which  may  be  observe<l  in 
urinary  sediments,  when  considered  in  <*on]unetion  with  the  clinical 
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symptoms,  will  usually  lead  to  a  correct  diagnosis  so  far  as  the  seat 
of  the  hemorrhage  is  concerned.  Hcematuria  of  vesical  origin  may 
be  due  to  numerous  causes,  among  which  may  be  mentioned  diph- 
theritic cystitis,  ulcers  of  the  bladder  caused  by  calculi  and  carcinoma, 
traumatism,  the  presence  of  parasites,  and,  more  rarely,  rupture  of 
varicose  veins  in  the  bladder.  In  determining  the  cause  of  the 
hemorrhage  in  a  given  case  more  reliance  should  be  placed  upon  the 
clinical  history  than  upon  the  urinary  examination. 

3.  In  hsematuria  of  ureteral  origin  characteristic  blood-coagula, 
corresponding  in  diameter  and  form  to  the  ureters  are  occasionally 
seen.  Their  presence,  however,  does  not  necessarily  indicate  that 
the  blood  has  come  from  the  ureters ;  more  frequently  the  hemor- 
rhage will  be  found  to  be  due  to  disease  of  the  pelvis  of  the  kidney. 

4.  The  diagnosis  of  hemorrhage  into  the  pelvis  of  the  kidney 
must  be  based  upon  the  clinical  symptoms  taken  in  conjunction  with 
the  results  of  a  urinary  examination.  In  nephrolithiasis  only  a  small 
number  of  red  corpuscles  is  usually  found. 

5.  Hematuria  of  purely  renal  origin  is  of  common  occurrence,  and 
may  be  due  to  numerous  causes.  In  simple  hypersemic  conditions  of 
the  organs  and  in  acute  nephritis  the  passage  of  smoky-looking  urine 
containing  blood-corpuscles,  usually  in  large  numbers,  is  thus  a  fairly 
constant  symptom.  In  chronic  nephritis  the  number  of  the  red  cor- 
puscles may  be  taken  to  indicate  the  intensity  of  the  morbid  process. 
Hjematuria  may  also  be  due  to  renal  abscess,  nephrophthisis,  renal 
carcinoma,  and,  in  rare  instances,  to  aneurysm  and  embolism  of  the 
renal  artery,  thrombosis  of  the  renal  vein,  etc.  In  the  malignant 
forms  of  the  acute  infectious  diseases,  such  as  small-pox,  yellow  fever, 
malaria,  etc.,  in  scurvy,  hcemophilia,  and  purpura,  in  leukssmia,  fila- 
riasis,  and  distomiasis,  renal  hsematuria  is  common.  It  is  also  ob- 
served in  ca.ses  of  poisoning  with  turpentine,  carbolic  acid,  canthar- 
ides,  etc. 

6.  An  idiopathic  form  of  hcematuria  has  also  been  described,  in 
which  hemorrhage  from  the  kidneys  occurs  without  apparent  cause. 
To  this  form  Senator  has  applied  the  term  "  renal  hflemophilia.''  I 
have  seen  three  cases  of  this  kind  in  which  no  lesion  existed  which 
could  be  made  resi>onsible  for  the  hemorrhage.  In  all  three  the  at- 
tacks of  hjematuria  were  invariably  associated  with  anachlorhydria, 
while  normal  values  were  found  between  the  attacks.  Two  of  the 
patients  were  males  and  undoubtedly  neurasthenics.  The  third  was 
a  hysterical  ohlorotic  female,  in  which  hsematemesis,  pulmonary  hem- 
orrhages, and  meltena  were  also  at  times  observed. 

Htematuria  of  renal  origin  is  usually  recognized  without  much  dif- 
ficulty, as  in  such  cases  tube-casts,  bearing  red  blood-corpuscles,  and 
at  times  apparently  consisting  of  these  altogether,  as  well  as  numbers 
of  renal  epithelial  cells,  will  usually  be  found  upon  careful  examina- 
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tioii.  Tli«.-  bliMid.  niortMivcT,  i*  intimately  mixed  with  the  urine, and 
thi'  individual  n>rpiiscli'S  have  m«»st]y  hi^ft  their  hfenioglobin  andai>- 
pear  a*  mere  gha(low>.  The  clinie:il  history  should,  of  aiurse, 
always  !>«•  taken  int*»  Oiin^idenition,  and  especially  in  determining  the 
primary  e:«ur?e  of  tiie  hemorrhajre. 

I'rine  omtaining  red  IjliMid-corpu.Si'les  is  always  albuniinnu?,  !!4> 
that  it  may  -"imietime^  he  «liAiciilt  to  decide  in  a  given  case  whether 
the  alluimin  fountl  is  due  solely  to  the  presence  of  blood,  or  whetlkT 
the  ha*matiiria  is  complioatiil  witli  an  albuminuria  per  se.  Fiv- 
ijuenily  it  is  jiossihK'  to  arrive  at  some  conclusion  by  comparing  tht- 
amount  of  a1l)umin  with  the  numlter  of  the  red  eor|juscles,  the 
presence  of  a  lai^e  amount  of  tlie  former  in  the  presence  of  oulva 
small  niunln^r  of  the  latter  indieiUing  that  the  albumin  is  not  altc»- 
jXfther  due  to  the  I)1ovm1.  At  otiier  times  it  is  impossible  to  gain 
information  in  this  manner,  when  the  only  exiK'dicnt  left  is  to  deler- 
minr  the  ijuantity  i»f  alluimin  and  of  ii-on  separately,  and  to  ascertain 
whether  thr  amount  of  iron  fiiund  is  suttifient  to  combine  with  that 
of  the  albumin.  As  a  rule,  however,  the  i)resenceof  serum-albuniiii. 
aside  from  that  eontaintMl  in  the  blocnl  of  the  urine,  mjiv  l>e  inferriJ 
whenrver  tube-easts  are  ]>resent,  although  the  amount  can  t>nlv  l)e 
estimated  a|)pn>.\imately  in  this  manner. 

Tube-casts. — In  various  pathologie  conditions,  and  it  i.s  claimed 
I'veii  in  health,  curious  tbrmat ions  are  se4*n  in  the  urine,  which  repre- 
sent moulds  ot'ditlerent  portions  of  the  uriniferous  tubules.  To  these 
the  term  (nhr-msfs  or  vrhinrii  riffimh rs  has  l)een  ap])li<.d,  and  it  mav 
be  said  that  there  is  hardly  a  subject  of  greater  imj>ortance  in  iirinarv 
:uiMlysi<,  fr(»m  a  clinical  |M>int  ol*  view,  than  that  of  ty/hifh-Hi-itf  ;  luit 
it  inn>l  also  be  admitted  tli:it  n(»t\Nith>tandinir  umnerous  iiivcstiir:ition> 
our  knowletjo^c  ot'  their  nature  and  niodr  of  formation  is  still  <k»fe<*tive, 
and  the  >iimv  may  be  said  ol'  th<'ir  clinicMl  >iirniticance.  The  term 
*'  tube-ea<t>,"  however,  is  net  ahoircthcr  ap|>ro])riate,  as  it  is  onlv 
a|>]»lieable  to  one  ^reat  divi>inn  of  sneli  formations — /.  <•.,  to  those 
eon>istintr  <»f  a  uniform,  tran-jjarcnt,  i:-ehitinons  matrix  to  wliicdi  other 
rlcnients,  such  ns  epitlH'linl  cells,  red  l)loo<l-cor|)usclcs,  loiicocvtes. 
and  snlts  in  a  crv>taninr  (»r  amorphous  t'orin,  mav  accidentallv  have 
become  attached — flir  inln  -nists  itrnjn  r. 

From  these  the  so-enlh-d  *'  ps(Mido-eiist>  ''  must  be  sharply  diifer- 
cntiated,  a  pseiido-cast  beinu-  eliMracterized  essentially  by  the  absence 
of  a  uniform  matrix.  Closely  related  a])parently  to  the  true  casts 
are  th<'  so-cnlled  cvlin<lroids,  /.  < .,  band-like  fonnations  which  resi^nible 
the*  former  in  a])pe;irance,  and  like  these  may  carry  various  niorpho- 
\{)\y\v  elements  as  well  a<  salts.  It  is  thus  necessary  to  distinguish 
between  true  ca^ts,  pseudo-cast--^,  ami  cylindroids.  Of  these  the  true 
(*asts  are  l)v  far  the  most  inii)ortant  and  th<'  most  common.  Thev 
mav  be   divided  into   hvaline  and  waxv   casts,  the  two   forms  beinsr 
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readily  differentiated  by  the  fact  that  the  former  readily  dissolve  in 
acetic  acid,  while  the  waxy  casts  are  either  not  affected  at  all  by  this 
reagent,  or,  if  so,  at  least  not  so  rapidly.  The  latter,  moreover,  are 
more  strongly  refractive,  to  which  property  their  waxy  appearance 
is  due ;  their  color  is  slightly  yellow  or  yellowish-gray,  while  the 
hyaline  casts  are  colorless  and  usually  very  pale  and  transparent. 

Mode  of  Examination. — Unless  a  urine  can  be  examine<l  within 
a  few  hours  after  being  voided,  it  is  well  to  add  a  small  amount  of 
chloroform,  so  as  to  guard  against  bacterial  decomposition.  The  use 
of  conical  glasses  is  rather  unsatisfactory,  and  I  find  it  more  con- 
venient to  keep  the  urine  in  well-stoppered  bottles.  Preserved  with 
chloroform  it  will  keep  almost  indefinitely.  Where  a  centrifugal 
machine  is  available  the  specimen  can  of  course  be  examined  at  once. 
As  soon  as  a  sufficient  amount  of  sediment  has  been  obtained,  a  few 
drops  are  spread  out  on  a  slide  and  examined,  uncovered,  with  a  hw 
power.  It  is  essential,  however,  to  make  use  of  ih^  fiat  mirror  and 
to  avoid  a  bright  light.  If  this  is  borne  in  mind  no  difficulty  what- 
ever will  be  found  in  demonstrating  even  the  most  hyaline  speci- 
mens, though  they  maybe  present  in  very  small  numbers.  In  many 
text-lx)oks  on  urinary  analysis  the  writers  speak  of  the  difficulty  at- 
tending the  search  for  hyaline  casts,  and  the  advice  is  frequently  given 
to  color  the  preparations  with  a  drop  of  a  dilute  aqueous  solution  of 
iodo-ix)t{issic  iodide,  or  of  some  other  staining  reagent,  such  as  gen- 
tian-violet, picrocarmin,  methylene  blue,  or  osmic  acid.  This  is  en- 
tirely unneccssjiry,  if  the  directions  just  given  are  strictly  followed. 
If  a  hr!f/ht  light  is  used,  however,  I  am  willing  to  admit  that  even 
the  most  experienced  may  be  unsuccessful  in  his  search. 

For  the  preservation  of  mounted  specimens  the  following  method, 
devised  by  Kronig  may  be  employed,  though  I  personally  prefer  to 
keep  the  urine  itself  and  to  mount  a  fresh  sj)ecimen,  when  necessary. 
A  drop  of  the  sediment,  best  obtained  by  centrifugation,  is  spread  on 
a  cover-glass  and  allowed  to  dry  in  the  air.  It  is  then  placed  in  a 
10-per-cent.  solution  of  formalin,  for  ten  minutes,  rinsed  in  water, 
and  stained  for  about  ten  minutes  in  a  concentrated  solution  of  Sudan 
III,  in  70-per-cent.  alcohol.  The  excess  of  stain  is  removed  by  im- 
mersion for  one-half  to  one  minute  in  70-per-cent.  alcohol,  when  the 
specimen  is  amnterstained  with  Ehrlich's  haemotoxylin,  rinsed  in 
water  and  mounted  in  glycerin.  Evaporation  is  guarded  against  by 
ringing  the  specimen  with  asphaltum.  The  tube  casts  are  thus 
stained  a  more  or  less  pronounced  blue,  the  nuclei  of  the  leucocytes 
dark  blue  and  any  fatty  granules,  or  needles  of  fatty  acids,  that  may 
be  present,  a  bright  red. 

True  Casts. — 1 .  Hyaline  casts, — (Fig.  1 1 6.)  U}>on  careful  ex- 
amination it  will  be  seen  that  with  rare  exceptions  the  matrix  of 
hyaline  casts  is  not  altogether  homogeneous,  as  small  granules  may 
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a]nlo^t  always  Ik*  detected,  inil)edde<I  in  or  adhering  to  the  matrix. 
As  these  granules  may  occur  in  greater  or  less  numbers,  hyalioe 
casts  are    sp<»ken  of  as  being  finely  granular  (Fig.    117),   coarsely 


Fig.  116. 
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Ilvaliue  ttibo-oast*. 


granular,  finely  dotted,  etc.  Should  true  morphologic  elements 
detected,  the  casts  are  termed  bhKxl-casts,  epithelial  casts  (Fig.  11 
or  pus-casts  (Fig.  lUM.  It  would  Ix?  lx*tter,  however,  to  add 
term,  hyaline,  in  every  instance,  so  as  tn  distinguish  them  from 
casts,  which  consist  (►f  these  elements  entirely,  and  lack  a  uni 


Kinil: 


Fk;.   117. 


<  'rannliir  tiilM'-<:i'«t.-. 


matrix.  It  would  thus  ho  proper  to  spriik  of'  hyaline  epithelial  casts, 
hyaline  hlood-rasts,  t'tc.,  and  to  aj)ply  the  colleetivc*  term — com|K>und 
hvaline  cast> — to  these  various  suhvariotifs. 
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The  true  nature  of  these  various  forms  can  probably  always  be 
made  out  u-ithoiit  much  difficulty,  and  even  in  those  cases  in  which 
the  hyaline  matris  is  apparently  concealed  beneath  cellular  elements 
it  will  usually  be  possible,  upon  closer  observation,  to  detect  a  tine 
boundiirj'-line  at  some  portion  of  the  structure.  Not  infrequently  also 
the  end  of  the  cast  will  be  seen  to  be  more  or  less  distinctly  hyaline. 


In  iithors,  again,  &  hyaline  zone  may  be  ob3er\'ed  along  the  sides  of 
a  central  oi^nized  thread,  so  to  speak,  this  being  frequently  Been  in 

'  specimens  which  sre  very  broad  and  long.  Should  any  doubt  arise, 
however,  a  drop  of  ooetic  acid  is  added  to  a  drop  of  the  sediment  on 

I  the  slide  ;  the  acid  dissolves  the  hyaline  matrix,  the  ot^uized  con- 
stituents are  set  free,  and  the  differential  diagnosis  between  a  pseudo- 

L  east  ari<l  n  compound  hyaline  cast  is  thus  readily  established. 

Fig.  119. 


The  k'Qgth  of  hyaline  casts  may  vary  greatly.     It  may  scarcely 

xceiil  iih  breadth,  on  the  one  hand,  while  on  the  other,  although 

F  rarely,  it  may  pass  through  the  entire  microscopic  field.     In  breadth 

hey  vary  between  0.0 1  and  0.05  mm.     As  a  rule,  the  breadth  of  a 

rt  is  uniform  throughout  its  entire  length,  but  specimens  are  not 
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iDfrttiuently  observed  in  which  one  eod  tapers  off  considerably,  and 
present"  a  spirally  twisted  ai»[)earance.  This  may  l»e  so  marked  tint 
the  entire  csist  ap)>ears  traiisvei^ely  striated.  It  ia  generally  sup- 
posed that  thiij  results  fnmi  the  adhesion  of  one  end  of  the  east  lo 
the  walU  oCa  tnliulc,  the  lumen  of  which  it  does  not  fill,  so  that  the 
free  end  l>e(^>ines  twistf<l  in  the  downward  course.  A  dichotomoo^ 
bram-liin;;  of  imc  end  is  also  at  times  sei-n  in  ver^'  broad  hyaliw: 
SIR*  i  me  IIS. 
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-ts|l"Lir.  llil  )  may  111'  divided  into  two  group.s — 
(1  amyloid  uasls  ;'lmt  as  tlLe  latter  are  not  neces- 
'  thf  cxi^itciicc  of  aiiiylniil  dc;:un<'rati(,in  of  the  kid- 
aliiMtioii  is  at  tlic  [htsi'IiI  time  at  least  of  onlv 
.  Tli.'V  aro  miilily  dislinfrui-'licd  from  the  hyaline 
■l(risti(S  iiu-ntioiii'd  aliiive — (.  •:,  tlioir  higher  de- 
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gree  of  refraction,  their  yellow  or  yellowish-gray  color,  and  the  fact 
that  they  are  either  not  attacked  at  all  by  acetic  acid  or  only  very 
gnidiially.  As  a  rule,  only  small  fragments  are  found,  but  these  are 
broader  and  stouter  than  the  stoutest  hyaline  casts.  Waxy  casts 
may  also  contain  cellular  elements,  crystals,  and  amorphous  mineral 
matter;  but,  as  a  rule,  such  compound  cjtsts  are  not  so  commonly 
observed  as  are  those  of  the  hyaline  variety.  From  the  latter  they 
differ  furthermore  in  frequently  presenting  a  cloudy  appearance, 
which  in  some  cases  is  undoubtedly  due  to  the  presence  of  innumer- 
able bacteria,  and  it  has  been  suggested 
that  these  may  be  directly  concerned  in  Fio.  121. 

their  production. 

As  has  just  been  stated,  some  waxy 
casts  give  the  amyloidre  action ;  /.  c, 
they  assume  a  mahogany  color  when 
treated  with  a  dilute  solution  of  iodo- 
potassic  iodide,  which  turns  to  a  dirty 
violet  uixm  the  addition  of  dilute  sul- 
phuric acid.  It  should  be  remembered, 
however,  that  this  reaction  in  casts  does 
not  necessarily  indicate  the  existence  of 
amvloid  disease  of  the  kidnevs,  as  the 
reaction  mav  be  absent  on  the  one  hand 
in  this  condition,  and  present  on  the  other 
where  amyloid  degeneration  does  not  ex- 
ist. This  curious  phenomenon  is  usually 
explained  by  assuming  that  such  casts 
have  remained  in  the  uriniferous  tubules 
for  a  long  time,  and  have  there  undergone 
certain  chemical  changes,  analogous  to  the 
so-(*alled  "  amyloid  metamorphosis "  of 
old  precipitates  of  fibrin,  and  it  is  indeed 
jK)Ssible  that  waxy  casts  are  originally 
hyaline.  Frerichs  has  pointed  out  that 
fibrin  which  has  remained  in  the  urini- 
ferous tubules  for  a  long  time  becomes  denser  and  yellowish  in  ap- 
pearance, which  would  explain  the  fact  that  these  casts  are  only  with 
difficulty  attacked  bv  acetic  acid. 

Before  leaving  this  subject  it  should  be  stated  that  "  cast-like " 
formations,  consisting  entirely  of  amori)hous  urates,  are  not  infre- 
rjuently  encountered  in  urines,  and  according  to  Leube  they  may  be 
obtained  from  any  urine,  if  it  is  concentrated  in  a  vacuum  at  a  tern- 
perature  of  37°  to  39°  C.  Students  frequently  regard  such  forma- 
tions as  coarsely  granular  casts,  an  error  which  may  be  guarded  against, 
if  the  cluiracteristic«  of  hyaline  casta  set  forth  above  are  borne  in  mind. 


Pifferent  forma  of  waxy  castM :  a, 
With  a  coatiuf^  of  urates.  6,  Waxy 
corit  covered  with  crystals  of  oxalate 
of  lime,  c,  Fragmcuts  of  waxy 
casts.    (V.  Jaksch.) 
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.  Bacteria  (in  cases  of  infectioiis  pyelo-nepfaritis)^  haematoidin,  and 
granular  detritus  frequently  riccur  grouped  in  a  cast-like  manna': 
their  nature  is  readily  ascertained,  as  in  the  case  of  the  so-called 
urate  cast^  just  describetl. 

PifeHflo-caMtM.  consisting  of  epithelial  cells  or  bIood•<^orpuscles  and 
fibrin,  are  rarely  seen  in  urinary  sediments.  The  epithelial  pseudo- 
casts  are  probably  only  seen  in  cases  of  desquamative  nephritis,  and, 
unlike  the  true  casts,  are  hollow,  the  epithelium  of  the  uriniferous 
tubules  being  thrown  off  en  majote.  Blood-casts  (Fig.  120)  consist 
of  fibrin,  within  the  meshes  of  which  red  corpuscles  are  generally 
found ;  these  either  present  a  normal  appearance  or  occur  as  mere 
shadows,  owing  to  the  fact  that  their  haemoglobin  has  been  dissolved. 
They  are  seen  whenever  extensive  hemorrhage  has  taken  place  in  the 
renal  parenchyma,  and  are  far  more  frequently  observed  than  the 
epithelial  pseudo-casts.  Hyaline  casts  are  probably  always  met  with 
in  urinary  sediments  in  which  j>seudo-casts  are  found,  and  may  be 
readily  distinguished  from  the  latter,  even  when  beset  with  numerous 
epithelial  cells  or  red  corpuscles  (see  above). 

CyllndroUh  (Fig.  122)  resemble  hyaline  tube-casts  somewhat  in 
general  appearance,  but  differ  from  them  in  being  much  larger  and 
band-like.  I^ike  the  true  casts,  they  have  a  uniform  breadth,  and  are 
often  beset  with  crystals  and  cellular  elements,  such  as  leucocytes, 
red  corpuscles,  and  epithelial  cells.  They  are  easily  dissolved  by 
acetic  acid,  thus  differing  from  the  mucous  cylinders  or  pseudo-cylin- 
ders (Fig.  12^^),  which  may  be  observed  in  any  urine  containing 
mucus ;  the  latter  probably  never  contain  morphologic  or  mineral 
constituents,  and  are  ni^ver  of  the  same  breadth  throughout  their 
length.  The  eylindroids  proper  are  undoubtedly  of  renal  origin  and 
closely  related  to  the  true  easts  ;  formations  are  indeed  not  infre- 
(juently  seen  in  whieh  a  tube-cast  terminates  in  a  eylindroid  at  one 
or  both  ends  (see  Fig.  IKJ). 

Formation  of  Tube-casts. — Si'veral  hypotheses  have  been  advanced 
to  explain  the  lorniation  of  tube-easts, — reference  is  here  only  had  to 
true  easts,  and  not  to  pseudo-easts,  the  origin  of  which  is  sufficiently 
obvious, — and  until  recently  it  was  quite  generally  accepted  that  these 
consist  of  eoa<z:ulated  albumin  which  has  transuded  into  the  tubules; 
accordiuiT  to  this  view  a  cvlindruria  would  alwavs  be  indicative  of 
the  existence*  of  albuminuria.  In  Xeuhauer  and  Vogel's  lyinari/ 
.l/</f///.v/.N\  latest  edition  (ninth),  it  is  stated  that  **  as  to  the  signifi- 
cance of  tubiwasts  it  must  hv  reinenibered  that  these,  according  to 
our  i^resent  knowlcdire,  consist  of  albiunin,  which  coagulates  under 
the  intluence  ot'  the  ai'id  reaction  of  the  urin(\  in  the  renal  j>aren- 
chynia,  in  a  pecidiar  hyaline  manner.  They  mcn^ly  represent  a 
solidified  portion  of  the  albumin  held  in  solution  by  the  urine  ;  their 
elimination  e^sentiallv  indicates  the  exigence  oi'  an  albuminuria." 
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More  recently,  however,  and  probably  owing  to  the  reported  ab- 
sence of  albumin  in  certain  cases  of  cylindruria,  it  has  been  suggested 
that  tube-casts  are  the  product  of  a  faulty  metamorphosis,  or  of  in- 
flammatory irritation  of  the  renal  epithelium,  and  that  a  secretion 
from  these  cells  or  a  disintegration  of  their  protoplasm  occurs,  result- 


ing in  the  formation  of  cylindroids  or  true  casts.  So  far  as  the  ex- 
istence of  a  cylindruria  nine  albuminuria  is  concerned,  I  must  confess 
that  I  am  very  skeptical  as  to  the  actual  occurrence  of  such  a  condi- 
tion, and  I  fully  agri-c  with  Neubauer  and  Vogel  when  they  state 
that  "  whenever  the  number  of  tube-costs  is  minimal  the  correspond- 
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in^  arijount  of  alhiimin  may  \*:  -^j  insignificaiit  that  it  may  not  lie 
«J*-nj'»fi»tniKl*r  l»v  rn«<in«  ••!*  thv  ••plinarw  rf0\rm'r  tests/'  In  several 
th^'ii^an^l  •'.\aminatii*n«  I  have  n»rvt:r  r^'irn  a  true  case  of  cvlindrura 
^/'"  allfuriiiijuria.  It  i«  <Iii!i<Mih.  niMrrover.  to  imagine  that  an  elim- 
iriati^iii  '»t"  KU-rfl-^-a^t-  an«l  ••tberi.  which,  accr»nling  Xf\  Ivo>sIer,  are 
••  tr»-«|!j«:ntly  "  fntf-^mntorvil  in  urines,  can  take  place  in  the  alisence 
«*t'  a  <:f)\\\<'v\*tw\  «-liminati<in  **{  aUiiimin.  as  is  claimed  by  him,  and 
until  fijnh*-r  ami  m«»n' fi»nvincin:r  evidence  is  offepcd  in  favor  of  a 
<'«-lIiilar  <tri;rin  «»f  tiiU-<-a-i*.  it  may  U*  l»etter  t«.»  regard  cylindniria 
a«  w|uival«'iit  to  alKiiminuria. 

Clinical  Significance  of  Tube-casts. — Formerly  the  occurrence  of 
tijlK'-<*:ists  ill  the  iirin*'  wa*  hdil  to  in(li«'ate  the  existence  of  nephritic. 
Thi*  vii-w  ha*  lx*<.*n  ahan^lonf'^l,  hi»\vever,  for  the  same  reasons  which 
Iwl  to  the  nfjeetinn  of  the  the<»rv  that  allniminuria  invariablv  indi- 
i'i\Xi'>  Hri;rht\  <lis<*as<.*  «-e*.*  alN»vej. 

Th<'  •tat'-iiH-nt  i-  fre<|!iently  made  in  text-lHX)ks  that  tube-castfi 
may  rn-rMir  in  the  urine  of  |K.Tte<«tly  healthy  individuals,  following 
tti'ven*  iiinH-ular  exercise,  eokl  haths,  rto., — in  short,  all  stimuli  which 
may  r'jni«-4-  tlie  apjieanmce  *»f  alhumin  in  apparently  normal  individ- 
ual?*. It  has  l>ei*n  indieatc'^l  elsewlu-re  (see  Functional  Albuminuria). 
lio\vevr*r,  that  such  >timuli  cannot  Ik»  regarde<l  as  "physiologic" 
in  cvcrv  instance,  and  ////•  urrxfiir*^  of  ttibf.'^*tiJ<tA  in  the  urine  siiniiarlu 

y/nm/fl  In-  I'tf/fii'fhfl  (IS  n  puihohttjir  CVrnt, 

It  is  not  n<*<'<'.-.sary  in  thi>  connection  to  enumerate  the  various 
(liM*aM'>  in  which  (•vlin<lniria  is  ohsi.Tve<l,  as  tht^sc  are  the  same  as 
tho-<'  \vhi<*h  <rivc  rise  to  alhuniinuria  ;  and  just  as  a  nrphrnuf/tof/nut^ 
nllniniiiiiir'ni  \<  iiion-  fnMjnciitly  nhsrrvcd  tlian  a  ncphritldo^/enlc  tif/tn- 
iiiiinirlff,  so  :iUm  is  the  pn**»(  lice  ^^\'  tulK'-casts  in  the  urine    more  fre- 

(iiinitlv  due  to  circiilattn'v  distiirhaiiccs  in   the  kidnevs  than  to  true 

I  •  •  • 

ncj>hritis.  In  rvrry  ra-c  in  whi«-h  tnix'-c^asts  occur  in  the  urine  it 
may  he  :i->iiin<'<l  thai  the  acconipMnyin^  all)uniinuria  is,  to  a  certain 
<'Xt<'nt  at  Icji-t,  ot'  renal  orii^in. 

While  the  exi.-tenee  (►1*  evlindruria  is  not  necessarilv  associateil 
with  deliniti'  j)atholniri(.  alterati(Mis  of  tlie  renal  parenchyma,  this 
slatenient  >honld  he  restricted  to  the  occurrence  of  i)urelv  hvaline 
cast<,  an<l  their  j)re-ence  in  only  >inall  ninnbei's.  A  few  renal  epi- 
thelial cells  niav  he  found  at  the  >anie  time,  occurrin*i:  either  free  in 
the  urine  or  adherinix  to  the  ca.-ts,  hut  never  presenting:  an  atrophic 
or  otherwise  jiltered  apjMarance  in  the  ahsence  of  detinite  renal  lesions. 
The  presence  ot'  compound  hyaline  and  coarsely  granular  casts,  as 
well  as  of  waxy  and  amyloid  casts,  on  the  other  hand,  may  j>rol>al>lv 
always  he  re;:arded  a>  indicatin<:-  definite  c]ian<res  in  structure,  so  that, 
so  I'ar  as  the  diairno>is  ot*  ne])hritis  is  concerned,  a  microscopic  exam- 
ination ot'the  urine  will  furnish  information  of  more  value  than  the 
simple  demonstration  of  alhumin. 
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Hyaline  casts  are  those  most  frequently  seen, — reference  is  here  had 
only  to  the  purely  hyaline  or,  at  least,  but  faintly  granular  form, — 
and  are  found  in  all  conditions  in  which  albuminuria  occurs.  When 
present  in  only  small  numbers,  and  particularly  when  occurring  but 
temporarily  in  the  urine,  it  may  be  assumed,  in  the  absence  of  other 
symptoms  pointing  to  renal  disease,  that  we  are  dealing  with  a  mild 
circulatory  disturbance  of  the  kidneys.  Renal  epithelial  cells  are 
absent,  or  present  only  in  small  numbers.  The  albuminuria  at  the 
same  time  is  trifling.  If,  however,  hyaline  casts  are  continuously 
present  in  large  numbers,  and  if  the  amount  of  albumin  exceeds  a 
trace,  the  existence  of  a  nephritis  may  usually  be  inferred.  In  such 
cases  granular  casts  and  compound  hyaline  casts,  particularly  the 
former,  will  be  found,  if  the  nephritis  is  chronic,  while  in  the  acute 
form  the  hyaline  type  prevails.  Should  blood-casts  be  present  at 
the  same  time,  the  probabilities  are  that  we  are  dealing  with  an  acute 
nephritis,  or  an  acute  exacerbation  of  a  chronic  process  ;  in  the  latter 
case  coarsely  granular  casts  will  also  be  present  in  large  numbers. 

Waxy  casts  always  indicate  a  chronic  or,  at  least,  a  subacute  proc- 
ess. The  fatty  casts  described  by  Knoll  and  v.  Jaksch  "  are  most 
commonly  associated  with  subacute  or  chronic  inflammations  of  the 
kidney  of  protracted  course,  with  a  tendency  to  fatty  degeneration 
of  the  renal  tissue.  Post-mortem  examination  has  shown  that  they 
form  most  frequently  in  cases  of  large  white  kidney.  In  some  cases 
in  which  they  were  present,  however,  the  organ  was  found  to  be 
more  or  less  contracted ;  but  when  this  was  so,  it  was  invariably  far 
advanced  in  fatty  degeneration." 

It  has  been  stated  that  from  a  careful  examination  of  the  renal 
epithelial  cells  it  is  often  possible  to  determine  whether  an  inflamma- 
tory process  affecting  the  kidneys  is  at  the  same  time  complicated 
with  degenerative  changes.  As  a  matter  of  fact,  the  cells  found  on 
the  tube  casts  under  such  conditions  no  longer  present  a  normal 
ap|)earance,  but  are  shrunken  and  atrophied,  and  in  cases  of  fatty 
degeneration  studded  with  fatty  granules.  Epithelial  casts,  in  the 
absence  of  distinct  changes  affecting  the  renal  parenchyma,  are  prob- 
ably never  seen. 

The  occurrence  of  pxis-caMs  presupposes  the  existence  of  suppura- 
tive inflammation  in  the  kidneys,  while  the  presence  of  only  a  small 
number  of  leucocytes  on  hyaline  casts  may  be  observed  in  the  ordi- 
nary forms  of  nephritis  and  particularly  in  the  acute  form. 

The  pathologic  significance  of  the  so-called  amyloid  casts  and 
pseudo-casts  has  already  been  considered. 

Cyliiidroids  arc  present  whenever  hyaline  casts  are  seen  and  have 
essentially  the  same  import.  They  are  said  to  occur  most  frequently 
in  the  urine  of  children. 

So  far  as  the  constancy  with  which  tube-casts  occur  in  the  urine  in 
32 
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nephritis  is  coucemed,  it  is  well  known  that  in  the  chronic  interstitial 
form  of  the  disease  they^  as  well  as  albumin,  are  frequently  ahsmt 
for  n  long  time,  so  that  it  may  only  be  possible  to  make  the  diagnosis 
from  the  clinical  history  and  the  physical  signs.  It  is  a  well-knovn 
fact,  moreover,  that  pathologic  alterations  of  the  kidneys^  particuhrir 
in  men  past  middle  age,  arc  observed  again  and  again  in  the  post-mw- 
tem  room,  where  a  j)revious  examination  of  the  urine  showed  no 
evidence  of  the  existence  of  renal  disease.  In  the  acute  and  sub- 
acute forms  of  nephritis,  as  well  as  in  the  ordinary  parenchymatous 
form,  tube-casts  are  probably  always  found,  and  it  ivould  furthtf 
ap|x?ar  that  acute  circulatory  disturbances  affecting  the  renal  paren- 
chyma ([uite  constantly  lead,  not  only  to  albuminuria,  but  also  to 
cvlindruria. 

Spermatozoa. — Spermatozoa,  for  a  description  of  which  the  reader 
is  referred  to  the  chapter  on  Semen,  are  frequently  observed  in  the 


Fig.  124. 


Iluiuai)   ^I»c•rmatuz(•:l. 

urino  of  liciilthy  juliilts,  aiul  are  (jiiito  constantly  met  with  in  the 
iii*st  urine  |)as.se(l  after  coitus  or  noeturnal  emissions,  when  their  pre?- 
enee  is,  of  eourse,  of  no  si^nitieanee  (Fig.  124).  Such  urines  are 
always  cloudy,  hut  it  is  impossible  to  recognize  the  source  of  the 
turbidity  by  simple  inspection. 

A  sediment  comj)osed  of  phosj)liat(»s  is  popularly  regjirded  as  lac- 
ing due  to  semen,  and  no  doubt  every  physician  has  seen  patients, — 
usually  sexual  neurasthenics, — who  are  greatly  alarmed  at  finding  a 
white  deposit  in  the  chaml)er,  and  who  imagine  themselves  "sufferers 
from  loss  of  manhood.''  The  microscoj)e  is  necessary  in  evcrv  case 
to  determine  the  presence  of  spermatozoa. 
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In  females  semen  is  found  in  the  urine  whenever  the  external 
genitals  have  been  polluted  during  or  aft^r  coitus,  as  well  as  in  the 
exceptional  cases  in  which  connection  has  been  effected  by  the 
urethra.  From  a  medico-legal  standpoint  the  discovery  of  sperma- 
tozoa in  the  urine  of  women  may  be  of  the  greatest  importance,  but 
otherwise  it  is  without  significance. 

In  a  few  instances  it  is  stated  that  trichomonades  have  been  mis- 
taken for  spermatozoa.  I  am  convinced,  however,  that  such  an  error 
can  only  occur  if  the  observer  is  totally  unacquainted  with  the  sub- 
ject under  consideration. 

In  pathologic  conditions  spermatozoa  are  not  infrequently  found 
in  the  urine.  In  cases  of  severe  constipation,  owing  to  j)ressure  of 
hard  scybalous  masses  upon  the  seminal  vesicles,  a  partial  evacuation 
of  semen  may  occur,  which  may  or  may  not  be  accompanied  by  a 
certain  degree  of  sexual  excitement.  Horowitz  has  pointed  out  that 
a  discharge  of  semen  may  be  noted  in  cases  of  periurethral  abscess 
with  perforation  into  the  ejaculator}'  ducts,  giving  rise  to  sperniafO' 
ci/sfiti^y  the  condition  being  due  to  a  tight  stricture  of  the  urethra 
with  dilatation  beyond  the  constricted  portion.  I  have  observed  a 
case  of  cystitis  in  which  spermatozoa  could  almost  always  be  detected 
in  the  urine.  An  operation  revealed  a  tight  stricture  of  the  urethra 
and  a  sacculated  bladder ;  the  constant  elimination  of  semen  was  ap- 
parently owing  to  the  irritating  action  of  the  ammoniacal  urine.  It 
should  be  noted  that  in  this  case,  as  well  as  in  those  in  which  semen 
is  frequently  passed  during  the  act  of  defecation  in  the  absence  of 
sexual  excitement,  no  deleterious  effects  referable  to  such  loss  were 
noted.  In  the  urine  voided  during  and  after  epileptic  and,  more 
rarely,  hystero-epileptic  seizures,  spermatozoa  may  be  found.  Such 
an  event  is  undoubtedly  due  to  muscular  spasm,  and  is  identical  in 
origin  with  the  emission  of  semen  obser\'ed  so  frequently  after  death, 
during  strangulation,  etc. 

In  certain  spinal  diseases  semen  may  be  found  in  the  urine,  and 
Fiirbringer  relates  a  most  interesting  case  in  which,  following  frac- 
ture and  dislocation  of  the  vertebral  column,  with  partial  destruction 
of  the  middle  dorsal  cord,  siKjrmatorrhoea  associated  with  partial 
erection  occurred  thirty  hours  later,  and  continued  until  death,  which 
took  place  after  three  days. 

More  important  is  the  loss  of  semen  noted  in  cases  of  true  spenna- 
forrhiptt,  due  to  venereal  excesses  or  masturbation,  when  spermatozoa 
may  be  found  almost  constantly,  and  the  diagnosis  indeed  will  often 
be  dependent  upon  such  an  observation. 

So  far  as  the  question  oi  Hterility  in  the  male  is  concerned,  reliance 
should  not  be  placed  ui)on  an  examination  of  the  urine,  but  the  semen 
siiould  l)e  obtained  as  soon  as  jx)ssible  after  coitus,  and  examined  as 
indicated  elsewhere  (see  p.  526). 
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Paraiites. — ^Vegetable  Pazmsites. — It  has  been  shown  by  nuiDerria> 
inve»tigatit»ns  that  liacteria  are  always  present  both  in  the  male  and 
fenuile  iiretiira,  and  tliat  they  may  nt  iimeat  gain  entrance  to  the 
bladder.  The  weight  «»f  evidence,  however,  is  in  favor  of  the  \new 
that  the  urine  inirn  rrxhiim  is  under  normal  conditions  free  from 
niicn^-<»rg:inisni«,  and  that  any  l)acteria  which  may  have  foimd  their 
way  into  the  Madder  are  rapidly  killed  in  healthy  individuals.  In 
even'  urine,  on  the  other  hand,  that  has  been  exposed  to  the  air. 
(meter ia  are  alwavr?  present.  Whenever,  then,  it  is  desired  to  deter- 
mine whether  or  not  the  urine  of  the  bladder  contains  micro-organ- 
isms, everk'  prcMnution  should  l>e  taken  to  guard  against  accidental 
a»ntamination.  T<»  this  end  the  following  method  should  be  em- 
ploye<l :  If  the  patient  is  a  male,  he  is  instnicted  to  hold  his  urine 
until  a  fairly  large  amount  has  accumulated.  The  glans  is  then 
thoroughly  washed  with  soap  and  water  and  further  cleansed  with 
cotton  soaked  in  bieliloride  solution  (1  :  1000).  The  fossa  navicularis 
is  also  thoroughly  clejinsi'd  with  the  same  solution.  The  urine  is  then 
voided  under  as  grejit  pressure  as  possible.  The  first  |>ortion  (about 
100  c.e.)  is  thrown  away,  and  the  sec<»nd  received  in  a  sterilized 
vessel,  when  cultures  should  be  made  at  once,  agar  or  gelatin  plates 
lK»ing  in(K'ulate<l  with  1  or  2  c.c.  of  the  urine.  In  the  female  the 
vulva  is  cleaiise<l  with  soap  and  water,  and  the  urethral  aperture  dis- 
infected with  bichloride  solution.  After  then  washing  with  sterilized 
water  and  drying  with  sterilizeil  cotton  the  urine  is  evacuated  through 
a  sterilized  metallic  or  glass  catheter, and  received  in  a  sterilized  vessel. 

Among  the  bacteria  which  may  be  found  in 

I'^i'--  l-'>.  every  urine  that  has  been  ex}>oseil  to  the  air  the 

C^\  p  niirrncnt'rifs  nrrtf  is  of  special  interest,  as  ammo- 

^'^\y'^Z^         iiiaeal  lerinentati<ni  is  largely  due  to  its  pres<Mice. 

yV^   -^  V^^  When  lernientation  has  commenced  it  is  n»adilv 

^^ffT*  rceoonized,  oeeurring  in  almost  pure  culture  upon 

-^•-^  the  Mirtaei*  (►f  the  urine,  mostlv  in  the   form  of 

\f  •    

Mi.ro(.„,„.nn.,.         eliaractepistie  chains  (Fig.  12.")).     The  individual 

coeeiis  is  eohu'less  and  (juite  large,  so  that  it  niav 
be  mistaken  bv  the  Ix'trinner  for  a  l)l<MKl->ha(l<>w. 

It  is  a  common  crnn-  to  inter  from  tin*  occurrence  of  aninH)nia(*:d 
decomposition  very  >oon  after  mictnrition,  that  this  j>rocess  has  al- 
ready l)(»irnn  in  the  bladder.  It  >honld  be  remenilKTed  that  urine 
may  nn<lergo  fermentation,  j>articnlarly  in  warm  weather,  shortlv 
after  having  been  voided,  and  especially  if  the  vessel  employe<l  is 
not  absolutely  clean,  and  the  urine  has  been  allowed  to  stand  ex)x>sed 
tt)  the  air.  The  diagnosis  <»fammoniacal  fermentation  in  the  bladder 
shtudd  henec  only  be  made  when  the  presence  of  ammonia  can  be 
demonstrated  in  the  nrine  immediately  n]>on  beiuij  voided. 

Under  [Kithologic  eonditit»ns  varion**  pathogenic  bacteria  may  l>e 
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found  in  the  urine.  Their  presence  usually  indicates  the  existence 
of  definite  changes  in  the  renal  parenchyma,  although  these  changes 
are  not  necessarily  of  an  inflammatory  character.  Pyogenic  cocci 
are  especially  prone  to  settle  in  the  kidneys,  and  there  give  rise  to 
focal  inflammations,  but  even  in  the  absence  of  such  lesions  they  are 
frequently  found  in  the  urine.  In  all  forms  of  infectious  nephritis 
an  abundant  elimination  of  bacteria  may  generally  be  observed,  v. 
Jaksch  states  that  in  erysipelas  the  bacteriuria  and  nephritis  disap- 
pear, together  with  the  cessation  of  the  disease,  and  in  various  suppu- 
rative processes,  taking  place  in  the  body,  the  specific  bacteria  disap- 
pear from  the  urine  within  twenty-four  to  forty-eight  hours  after  the 
evacuation  of  the  pus. 

Most  interesting  observations  on  the  occurrence  of  bacteria  in  tlie 
urine  of  nephritic  patients  have  been  reported  by  Engel.  Thirty- 
one  cases  were  examined.  In  sixteen  the  staphylococcus  albus  and 
aureus  was  found,  in  eight  pyogenic  streptococci,  in  four  the  tubercle 
bacillus,  in  five  the  bacillus  coli  communis  and  in  one  the  typhoid 
bacillus,  while  negative  results  were  obtained  in  only  two  instances. 
In  the  same  series  Engel  also  found  a  pyogenic  coccus  in  seventeen 
cases.  This  coccus  was  larger  than  the  known  forms ;  it  could  be 
stained  according  to  Gram's  method,  and  did  not  liquefy  gelatin. 
Intravenous  injections  of  large  numbers  of  the  organism  caused 
nephritis  in  rabbits. 

In  pneumonia  and  pneumococcus  infections  in  general,  the  corre- 
sponding diplococcus  may  be  found,  and  in  erysipelas  and  strepto- 
coccus infections  streptococci.  Fairly  constant  is  the  presence  of 
the  bacillus  coli  communis  in  cases  of  pyelonephritis ;  it  is  usually 
found  in  pure  culture,  but  is  at  times  associated  with  the  staphy- 
lococcus aureus  and  the  proteus  Hauser.  In  some  instances  the 
latter  organism  has  also  been  met  with  in  pure  culture.  Of  great 
interest  further  is  the  frequent  occurrence  of  the  typhoid  bdcillus 
in  the  urine  of  typhoid  fever  patients.  Bouchard  in  1881  already 
drew  attention  to  the  elimination  of  the  bacillus  through  this 
channel,  and  stated  that  he  was  able  to  demonstrate  its  presence  in 
fift}'  per  cent,  of  his  typhoid  fever  cases.  Other  observers  were  less 
successful,  but  with  improving  technique  and  more  general  investi- 
gation a  larger  number  of  positive  results  is  being  obtained  from  year 
to  year.  At  the  present  time  it  may  be  said  that  the  typhoid  bacillus 
can  be  found  in  the  urine  of  typhoid  fever  patients  in  from  20-30 
per  cent,  of  all  cases.  They  usually  appear  in  the  second  or  third 
week  of  the  illness  and  may  persist  for  months  and  even  years. 
When  present  they  usually  occur  in  pure  culture,  and  are  often  so 
numerous  as  to  render  a  freshly  voided  specimen  of  urine  cloudy. 
Symptoms  of  cystitis  and  marked  renal  involvement  often  exist,  but 
in  a  considerable  number  of  cases  there  are  no  indications  of  local 
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disease.  Their  elimination  in  the  urine  is  of  no  prognostic  signifi- 
cance, Imt  important  from  the  standpoint  of  prophylaxis.  They  may 
be  isolated  and  identifieil  according  to  the  usual  methods  (see  p.  'ioT . 

Very  imi>ortant  further  is  the  fact  that  in  tubercular  disease  of  tlie 
urinary  organs  Uihvrcle  fmrilii  may  be  found  in  the  urine.  The 
search  for  them,  however,  is  frequently  fruitless  and  alway^s  tedi^ufc. 
In  suspected  cases  it  is  l)est  to  centrifugate  the  urine^  and  to  spread 
the  sediment  upon  slides  or  cover-glasses.  The  preparations  are  then 
fixtnl  by  heat,  and  l)est  staine<l  with  Pap|x?nheim's  reagent  (seeji 
26o).  The  usual  methods  of  staining  are  not  admissible,  a-^  th-: 
ifmcf/hKf  hdcififis,  which  may  also  Ik»  j)resent  in  the  urine,  is  likewise 
stained,  and  could  readily  be  mistaken  for  the  tubercle  l^cillu*. 
Grvthv'A  niiihod  which  was  formerly  used  to  diiTerentiate  the  twt».  i* 
less  reliable.  Following  this  methcxl  the  s{)eci mens  are  stained  with 
a  concentrated  alcoholic  solution  of  fuchsin,  the  staining  fluid  beinj: 
brought  to  the  boiling  point  on  the  slide.  They  are  then  washeil  in 
water  and  counterstaintKl  with  a  concentrated  alcoholic  solution  <»t 
methylene  blue  without  the  application  of  heat.  The  excess  of  stain 
is  washed  off,  when  the  preparations  are  dried  with  filter-paper  ami 
examined  as  usual.  As  with  Papi>enheim's  method  the  tuliercle 
luicilli  arc  colorc^l  rc^l,  while  the  other  morphologic  elements,  which 
may  be  present,  including  the  smegma  bacillus,  are  stained  blue. 

if,  in  suspected  cases,  notwithstanding  rejxjated  examination,  and 
the  preparation  of  numerous  specimens,  tubercle  bacilli  are  not  found, 
it  is  best  to  inject  a  few  drops  of  the  sediments  into  the  anterior 
chamber  of  the  eye  of  a  rabbit,  and  to  watch  for  the  development  of 
miliary  tni)ereies  in  the  iris. 

The  luiinber  of  ba<Mlii  whieli  may  be  found  in  the  urine  in  tuber- 
cular diseases  of  the  urinary  organs  is  extremely  varial)le.  Fn- 
quently  none  at  all  are  found,  notwithstanding  the  most  careful 
search  ;  in  other  eases  they  are  present  in  small  numbers,  while  in 
still  others  they  are  extremely  niunerous,  and  then  often  huncluHl 
toL^ethei*  to  form  ])artieles  wliieli  are  visible  with  the  naked  eve 

Isolated  tubercle  bacilli  have  also  been  found  in  the  urine  in  case> 
of  aente  miliary  tnberenlosis,  in  the  absence  of  renal  cbangt^s  ;  sueh 
observations,  however,  are  nneonnnon. 

T/ir  (/(Hinrocriis  ot'  Xeis>er  is  rarelv  found  free  in  the  urine  but 
for  sake  of  eonvcMiienee  is  described  at  this  place.  The  orgjuiism 
(Plate  XVIII.)  occurs  in  the  form  of  small,  oval,  or  nmnd  jirranules, 
usually  grouped  in  two>  and  fours,  resembling  a  (icrnmn  biscuit  or 
the  li«rnre  S.  As  a  rule  it  is  found  enclosed  within  pus-corpuscles 
and  epithelial  cells,  but  it  may  also  occur  free  in  the  pus  obtaim-il 
from  the  urethra,  in  the  vaginal  discharge  and  more  rarely  in  uri- 
narv  sediments,  as  in  cases  of  complicating  juostatitis,  peri-urotbritis, 
etc.      In  cover-glass  prei)aratious  account   should  only  be    taken   of 
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Urethral   Disohnrge  from  a  Case  of  Gonorrhoea,  showing  Gonocooci   Endorsed  in 

Pus  CorpiiHcles,  and   Lying   Free  in  the  Disohar^je.     Stained  with 

Methylene  Blue.     (Personal  Ohservation.) 
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those  organisms  which  are  enclosed  within  cellular  elements,  as  these 
alone  can  be  regarded  as  characteristic.  To  this  end  a  drop  of  the 
discharge  is  spread  in  a  thin  layer  upon  a  slide  or  cover-glass,  dried 
in  the  air  and  fixed  by  passing  through  the  flame  of  a  Bunsen  burner 
three  or  four  times.  The  specimens  may  then  be  stained  with  any 
one  of  the  basic  anilin  dyes.  In  my  laboratory  Jenner^s  stain  is  now, 
almost  exclusively,  used  for  this  purpose  (see  p.  89).  The  organ- 
isms are  thus  colored  blue,  while  the  granules  of  the  eosinophilic 
leucocytes,  which  are  so  commonly  present  at  the  same  time,  apjiear 
a  bright  red,  or  a  brownish-red.  After  five  minutes  the  excess  of 
stain  is  washed  off,  when  the  preparations  are  rinsed  in  water,  dried 
with  filter  paper  and  examined  with  a  high  power. 

Of  special  interest  is  the  observation  of  Unna  and  Plato,  that  the 
gonococcus  can  be  stained  in  the  living  leucocyte  with  Ehrlich's  neutral 
red.  The  metluxl  employed  is  very  simple.  A  small  drop  of  the  fresh 
pus  is  mixed  with  an  oese  of  a  dihite  solution  of  neutral  red  in  nor- 
mal salt  solution  (1  c.c.  of  a  saturated  aqueous  solution  to  100  c.c), 
and  examined,  either  as  hanging  drop  or  mounted  on  a  slide,  as  usual. 
Thus  prepared,  a  certain  number  of  the  intracellular  gonococci  are 
stained  a  deep  red,  while  others  are  not  stained,  and  it  may  be  ob- 
served, on  warming  the  slide,  so  as  to  elicit  amoeboid  movements, 
that  some  of  the  gonococci  which  were  stained  so  long  as  they  re- 
mained within  the  granular  portion  of  the  leucocytes,  are  gradually 
decolorized  w  hen  they  come  to  lie  in  the  homogeneous  ectosarc,  and 
are  colored  again  on  returning  to  the  granular  protoplasm.  Plato 
states  that  he  has  examined  numerous  other  intracellular  organisms, 
inchiding  pseudo-gonococci,  but  that  he  has  never  observed  as  rapid 
and  intense  staining  as  with  the  true  gonococci.  He  therefore  sug- 
gests that  with  neutral  red  it  may  be  possible  to  differentiate  the  gono- 
coccus from  similar  organisms.  Extra-cellular  gonococci,  as  well  as 
numerous  other  bacteria  are  not  stained,  even  after  an  exposure  of 
several  days. 

When  no  discharge  can  be  obtained  from  the  urethra,  or  an  exami- 
nation of  such  discharge  is  negative,  positive  results  may  at  times 
still  l)e  obtaineil,  if  some  of  the  gonorrhoeal  threads,  which  may  be 
found  floating  in  the  urine,  are  examined.  In  these  the  organisms 
can  occasionally  be  demonstrated  after  months  and  even  years  have 
elapsed  since  the  time  of  infection. 

In  doubtful  cases,  and  especially  in  women  and  children,  cultures 
should  be  made,  as  the  organisms  may  be  confounded  with  pseudo- 
gonococci,  which  are  frequently  present  both  in  the  diseased  and 
normal  urethra  of  males  and  females.  The  organism  grows  best  on 
a  mixture  of  human  blood-serum  and  nutrient  agar  (1  : 2  or  3  parts). 
"le  gurfaoe  colonies  are  pale,  grayish,  translucent,  finely  granular, 
Knely  notched  borders.     In  bouillon  and  blood-serum  mixed, 
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it  fonns  a  membrane,  while  the  fluid  remains  clear.  On  agar  the 
orjranism  does  not  grow.  Like  the  pseudo-gonococci  the  gonococd 
cannot  be  stained  bv  Gram's  method. 

In  eases  of  cystitis  a  large  variety  of  micro-organ  isms  has  been 
met  with  in  the  urine.  Among  the  more  important  may  be  men- 
tioned the  staj)hylococcus  aureus,  albus  and  citreus,  streptococci, 
the  bacillus  coli  communis,  the  bacillus  pyoeyancus,  the  bacillus  of 
typhoid  fever,  the  proteus  Hauser,  etc.  In  many  cases  of  cystitis 
organisms  are,  moreover,  found,  which  are  apparently  non-patho- 
genic, and  are  capable  of  causing  the  formation  of  sulphuretted 
hydrogen  from  certain  sulphur  boilies  of  the  urine  (see  Hydrothio- 
nuria). 

AHinomi/ces  kernels  may  be  observed  in  the  uriue^  when  the 
disease  in  question  has  attacketl  the  genito-urinary  tract,  or  when 
they  have  found  their  way  into  the  urine  from  other  organs. 

In  conclusion,  reference  should  l>e  made  to  the  occasional  occur- 
rence of  a  certain  form  of  baeteriuria,  which  is  not  associated  with 
any  pathological  process,  and  has  hence  been  termed  idiopathic 
baeteriuria.  Of  its  causiition  and  significance  nothing  is  known,  but 
it  is  possible  that  in  these  cases  a  few  bacteria  enter  the  bladder  either 
through  the  anterior  rectiil  wall,  or  are  eliminated  through  the  kid- 
neys from  the  bloo<l  current.  Finding  a  suitable  medium  for  their 
growth  in  the  urine  they  here  multiply  and  may  thus  be  constantly 
present.  Of  late  the  bacillus  lactis  aerogenes  has  been  found  in  such 
a  case.  The  diagnosis  "  idiopathic  baeteriuria  "  should  of  course 
only  be  made,  if  every  possible  source  of  contamination  of  the  urine 
cim  be  dofinitt'ly  cxchKled. 

I '  rines  containin;^:  bacteria  in  Inrcje  numbers  are  alwavs  cloudv 
and  usually  present  an  acid  reaction,  when  voided,  unless  a  cystitis 
exists  at  the  same  time.  Attention  will  be  directed  to  their  presence 
by  the  fact  that  such  specimens  cannot  be  cleared  by  simple 
filtration. 

Yeast-cells  in  large  niunlx^rs  are  usually  only  seen  in  urines  ct>n- 
taining  sugar.  AVhencver  a  chemical  examination  has  not  been  made, 
their  demonstmtion  will  be  of  importance,  as  suggesting  the  iK)ssible 
existence  of  glycosuria. 

Moulds  are  usuallv  seen  in  old  dial)eti<'  urines  after  alcoholic  fer- 
mentation  has  taken  place,  but  may  also  occur,  though  far  less  fre- 
quently, ujH)n  the  surface  of  putrid  urines  that  have  containc^l  no 
sugar. 

The  urinary  fi(trcina,  which  is  at  times  met  with,  is  smaller  than 
the  sarcina  of  the  gastric  contents,  hut  closely  resembles  it  in  appear- 
ance.    It  is  of  no  clinical  sijruificance. 

Whenever  a  urine  is  to  be  cxamincnl  bacteriologically,  special  pre- 
caution should  be  taken  to  guard  against  its  accidental  contamination. 
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Tlie  safest  procedure,  of  course,  is  to  obtain  the  urine  by  supra-pubic 
puncture.  This  is,  however,  only  exceptiunally  Decossarv,  and  aa  a 
general  rule  tlie  method  of  disinfection,  whtcli  I  liave  described 
iibove  (sec  p.  500)  will  he  sufficient. 

Animal  Parasites. — The  organism  which  Hassnl  saw  in  a  urine 
that  had  been  "  freely  exposed  to  the  air"  and  was  alkaline,  and 
which  he  termed  Bodo  nrinarius,  was  in  all  probability  an  infuso- 
rial monad  and  of  no  {)nthologic  significance.  Salisbury  was  the  first 
to  point  out  that  the  trichomonas  caf/hiaiis  of  Donn4  may  at  times 
occur  in  the  bladder,  but  gave  no  detailed  account  of  his  cases. 
Kunstter,  Marchund,  Miura,  and  Dock  then  rejwrtcd  cases  in  which 
flagellate  protozoa  were  found,  and  modem  research  leaves  no  doubt 
that  the  organisms  described  by  these  observers  are  identical  with  the 
trichomonas  of  Donn^.  In  Miura's  case  the  habitat  of  the  parasite 
was  the  urethra,  and  an  examination  of  the  patient's   wife  revealed 
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the  presence  of  similar  organisms  in  the  vagina.  Kunstler's  case 
was  one  of  pyelitis  following  cystotomy.  Marchand's  patient  had 
a  fistula  in  the  perineum  following  suppuration  in  the  pelvis  of  un- 
known origin  ;  cystitis  did  not  exist.  Dock's  case  was  associated 
with  hsematuria.  During  the  past  four  years  I  have  seen  the  same 
organism  in  six  cases,  two  of  which  I  owe  to  the  kiudness  of  Dr.  W, 
M.  Lewis  of  Baltimore.  Five  were  females,  and  I  have  do  doubt 
that  the  parasite  found  its  way  into  the  bladder  from  the  vagina, 
where  it  could  be  demonstrated  in  two  instances. 

Curiously  enough  a  history  of  htematuria  was  obtained  from  three 
of  the  six  patients.  In  one  case  the  urine  contained  blood  at  the 
time  of  the  examination.  Evidence  of  nephritis  or  well-marked  cys- 
titis did  not  exist.  The  number  of  the  parasites  was  very  variable, 
but  in  four  cases  quite  large. 

Bitlz  observed  numerous  amoebie  in  the  turbid  urine  of  a  girl,  the 
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subject  of  phthisis,  which  he  described  as  being  of  larger  size  than 
the  amneba  coli.  Ciliated  infusoria  have  also  been  found  in  the 
urine  in  isolated  cases. 

The  ova  of  distoma  haematobium  and  the  filaria  sanguinis  hominis 
are  at  times  found  in  the  urine,  their  elimination  being  usually 
accompanied  by  hematuria  and  chyluria.  Echinococcus  booklets 
and  fragments  of  cysts  may  also  be  found,  and  in  rare  instances 
ascarides  find  their  way  into  the  urinary  passages  when  a  fistulous 
opening  exists  lx?tween  the  rectum  and  the  bladder.  Bothrioceph- 
alus  linguloides,  Leuckart,  was  found  in  the  urine  in  one  case  occur- 
ring in  P^astern  Asia.  Eustrongylus  gigas  is  likewise  found  verj' 
rarely.  Moscato  records  one  case  in  which  chyluria  existed  at  the 
same  time.  In  Dr.  Clark's  case,  which  was  recently  rejx>rted  in  this 
country,  the  elimination  of  the  worm  was  accompanied  by  hiema- 
turia. 

Tumor-particles. — Tumor-particles  are  so  rarely  seen  in  the  urine 
that  a  detailed  account  of  their  occurrence  may  be  omitted,  particu- 
larly as  it  is  seldom  possible  to  base  the  diagnosis  of  tumor  upon  the 
presence  of  fnigments  in  the  urine,  the  clinical  history  and  the 
physical  signs  being  usually  sufficient  to  reach  a  satisfactory  diagnosis. 

Foreign  Bodies. — Among  foreign  bodies  which  may  be  found  in 
the  urine  may  be  mentioned  particles  of  fat,  fibres  of  silk,  linen,  and 
wool,  etc. ;  in  short,  material  the  presence  of  which  is  owing  to  the 
use  of  unclean  vessels  for  the  reception  of  the  urine.  Fecal  matter 
may  be  j)assed  by  the  urethni ;  such  an  occurrence,  of  course,  always 
indicates  the  existence  of  an  abnormal  communication  between  the 
bowel  and  the  urinary  passages.  Hair  derived  from  a  dermoid  cvst 
may  similarly  be  found.  In  hysteria  foreign  bodies  of  almost  any 
kind  may  be  shown  the  pliysieiun  as  having  been  passed  in  the  urine, 
such  as  hair,  teeth,  fish-hones,  wood,  etc.,  and  even  snakes  and  frogs. 
I  had  occasion  to  examine  ^'  gravel  ''  "  passed  ^'  from  time  to  time  bv 
a  hysterical  patient  in  large  amounts,  ^*every  attack  being  accom|>anied 
by  the  most  agonizing  pains  shooting  down  into  the  lower  abdomen ''; 
the  gravel  uj)on  examination  proved  to  he  mortar,  obtained  from  the 
cellar  of  the  patient's  house. 


CHAPTER  VIII. 
TRANSUDATES  AND   EXUDATES. 

DEFINITION. 

In  health,  the  so-called  serous  cavities  of  the  body  contain  but 
very  little  fluid,  and  quantities  sufficient  for  analytical  purposes  can 
normally  only  be  obtained  from  the  pericardial  sac.  In  pathologic 
conditions,  on  the  other  hand,  large  accumulations  of  fluid  may  be 
observed,  not  only  in  the  serous  cavities,  but  also  in  the  areolar  connec- 
tive tissue,  beneath  the  skin,  and  beneath  the  muscles.  When  due 
to  circulatory  disturbances,  a  hydrsemic  condition  of  the  blood,  or  an 
insufficient  elimination  of  water  through  the  kidneys,  such  accumu- 
lations of  fluid  are  spoken  of  as  tra^isudates,  while  the  term  exudates 
is  applied  to  similar  accumulations  of  inflammatory  origin. 

Clinically,  it  is  frequently  difficult  to  distinguish  between  trans- 
udates and  exudates,  and  large  ovarian,  pancreatic,  and  hydatid  cysts, 
as  well  as  cystic  kidneys,  may  at  times  be  mistaken  for  ascites.  In 
such  cases  a  careful  chemical  and  microscopic  examination  of  the 
fluid  in  question  may  be  of  decided  value.  Very  frequently,  more- 
over, it  is  possible  only  in  this  manner  to  determine  the  true  nature 
of  the  disease,  and  the  importance  of  freely  using  the  trocar  and  the 
aspi rating-needle  in  diagnosis  cannot  be  too  strongly  advocated. 

TKANSXTDATES. 
(General  Characteristics. 

Transudates  are  usually  serous  in  character,  when  they  present  a 
light-straw  color ;  at  times,  however,  owing  to  an  admixture  of  blood, 
they  have  a  reddish  tinge,  and  are  then  said  to  be  sanguineous ;  in 
rare  instances  they  are  chylous. 

The  Specific  Gravity. 

The  specific  gravity  varies  somewhat  according  to  the  origin  of 
the  fluid,  but  is  usually  lower  than  that  of  serous  exudates  occurring 
in  the  same  cavities — one  of  the  most  important  points  of  difference 
between  the  two  kinds  of  fluid.  Thus,  in  acute  pleurisy  the  specific 
gravity  of  the  exudate  is  usually  higher  than  1.020,  and  in  chronic 
pleurisy,  if  an  accumulation  of  pus  exists  at  the  same  time,  higher 
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than   1.01>^,  and  niav  even  reach  1.030.     In  transudates  into  the 

m 

pleural  t'avity,  on  the  other  hand,  referable  to  circulatory  disturb- 
ances, for  example,  as  in  cases  of  hepatic  cirrhosis  or  cardiac  insuffi- 
ciency, the  fiffures  obtained  are  usually  lower  than  1 .0 1 5.  Transudates 
of  i)eritoneal  oripn  similarly  present  a  si^ecific  gravity  varying  between 
1.00r>  and  1.01 '),  while  that  of  exudates  frequently  reaches  1.030. 

.\s  the  chemical  c*om|K>sition,  in  so  far  as  the  mineral  constituents 
and  extractives  are  concerned,  is  practically  the  same  in  both  classes 
of  fluid,  the  diffiTcnci*  in  the  specific  gravity  appears  to  be  essentially 
due  to  the  amount  of  albumin  present,  viz,  serum>albumin  and  se- 
rum-globulin. It  miiy  be  demonstrated,  as  a  matter  of  fact,  that 
exudates  contain  far  more  albumin  than  transudates,  the  amount 
varying  between  4  and  i]  jK»r  cent,  in  the  former,  as  compared  with 
1  and  2.5  per  cent,  in  the  latter.  The  largest  amounts  of  albumin 
in  transudates  are  found  in  those  of  pleural  origin,  while  in  oedema 
not  more  tlian  1  per  cent,  is  usually  present. 

In  the  table  1k*1ow,  taken  from  Reuss,  the  relation  l>etween  the 
percentage-amount  of  albumin  and  the  corresponding  specific  gravity 
is  shown.  Keu.ss  suggests  the  following  formula  for  the  purpose 
of  determining  the  amount  of  albumin  in  transudates  and  exudates 
from  the  specific  gravity  : 

E  =  i  (S  — 1000)— 2.8, 

in  which  "  E  ''  indiciites  the  percentage-amount  of  albumin  and  "S" 
the  specific  gravity,  taken  by  means  of  an  accurate  urinometer. 
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Albumin. 
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5.5 
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'■•  •* 
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The  followin;::  tahh.'  sIkjws  the  por(riita<re-amount  of  albumin  ob- 
tained by  RuiU'lxTt;  in  ascitic  flnid  under  various  pathologic  conditions: 


Ilytlni'miji  (r>riii:lit's  discjise.  tuUerciilosis, 

etc.,   with  amyloid  (ioiTonenilion  ) 
Portal  sta'>is  ( referable  to  hrpatie  cirrhosi.s 

<jr  stenosis  i  .  .  •         .  . 

( leneral  venous   st:Lsis    (referable   to   or- 

^Mnio  heart  disease)     .... 
('arcin«>nia   of  the  ])eritoneuin    (eonipli- 

eated  with  (Mroinonia  of  the  stomieh). 
( "lironie  |)i'rit«)niti><  i  one  ease  conii)lieate«l 

with  heart  disease j       .... 


Vvorago. 

Maximum. 

MiDimum 

0.21 

0.41 

0.03 

0.97 

2.68 

0.37 

1.07 

2.30 

0.84 

n.ol 

5.42 

2.70 

3.71 

4.2.") 

3.36 
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The  fact,  moreover,  that  transudates  do  not  coagulate  sponta- 
neously, in  the  absence  of  blood,  may  further  serve  to  distinguish 
these  from  exudates,  in  which  a  coagulum  is  frequently  observed 
after  having  stood  for  twenty-four  hours.  But  not  much  reliance 
should  be  placed  upon  this  point  of  difference,  as  exudates  likewise 
do  not  always  coagulate,  and  clotting  of  transudates  in  the  presence 
of  blood  may  already  take  place  within  the  body. 

The  Chemistry  of  Transudates. 

An  idea  of  the  chemical  composition  of  the  various  forms  of 
transudates  may  be  formed  from  the  following  tables,  taken  from 
Hoppe-Seyler  and  Hammarsten,  the  figures  corresponding  to  1,000 
parts  by  weight  of  fluid ;  the  specimens  were  taken  from  one 
individual : 


Pleura. 

Peritoneum. 

oedema  of 
the  feet. 

Water         .... 

957.59 

967.68 

982.17 

Solids          .... 

42.41 

32.32 

17.83 

Albumin     . 

27.82 

16.11 

3.64 

Ethereal  extract       ] 

6.27 

0.50 

Alcoholic  extract 

' 

3.71 

Aqueous  extract 

• 

14.59 

10.94 

1.10 

Inorganic  s'alts 

9.00 

Errors  of  analysis 

J 

0.12 

Analysis  op 

Hydroce] 

LE  Fluid. 

Water     .... 

938.85 

Solids      .... 

61.15 

Fibrin  (formed) 

0.59 

Globulins 

13.52 

Serum-albumin 

35.94 

Ethereal  extract 

4.02 

Soluble  salts    . 

8.60 

Insoluble  salts 

0.66 

Sodium  chloride 

6.19 

Sodium  oxide 

• 

1.09 

Sugar  and  uric  acid  in  small  amounts  arc  also,  as  a  rule,  found  in 
transudates,  and  in  one  case  of  hepatic  cirrhosis  Moscatelli  succeeded 
in  demonstrating  the  presence  of  allantoin. 

Microscopic  Examination. 

Upon  microscopic  examination  only  a  few  isolated  leucocytes,  and 
endothelial  cells  derived  from  the  serous  surfaces  and  undergoing 
fatty  degeneration  are  usually  seen.  Mast-cells  and  eosinophilic 
leucocytes  have  been  observed  in  the  ascitic  fluid  in  cases  of  myeloge- 
nous leukaemia.  Charcot-Leyden  crystals  were  present  at  the  same 
time.  In  cases  in  which  the  transudates  have  been  confined  for  a 
long  time  j)lates  of  cholesterin  are  frequently  found.  They  are 
esiKjcially  abundant  in  hydrocele  fluid. 
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EXXTDATES. 

Exudates  may  be  serous,  sero-fibrinous,  sero-purulent,  purulent, 
putrid,  hemorrhagic,  chylous,  or  chyloid,  terms  which  do  not  require 
further  definition. 

The  purulent,  sero-purulent,  and  putrid  forms  are  manifestly  of  in- 
flammatory origin,  while  it  may  at  times  be  difficult  to  decide  the 
true  nature  of  serous,  sero-fibrinous,  and  sero-sanguineous  fluidis.  In 
such  cases  the  points  of  difference  already  described  between  trans- 
udates and  exudates  sliould  be  l>orne  in  mind,  and  >vill,  when  taken 
in  conjunction  with  the  physical  signs  and  the  clinical  history,  gener- 
ally lead  to  a  correct  diagnosis  of  the  origin  of  the  fluid. 

Serous  Exudates. 

Serous  exudates  are  clear,  of  a  light-straw  color,  and  present  a 
specific  gravity  usually  excee<ling  1.008.  After  standing,  a  white, 
fibrinous  coagulum  is  generally  formed.  U|X)n  microscopic  exami- 
nation some  red  corpusck^,  which  are  probably  referable  to  the  punc- 
ture, tx)ly nuclear  leucocytes,  and  endothelial  cells  undergoing  fatty  de- 
generation are  found.  Such  exudates,  as  indicated,  differ  from  the 
corresponding  transudates  in  presenting  a  higher  specific  gravity,  and 
in  tlie  fact  that  clotting  is  observed  in  transudates,  only  in  the  presence 
of  blood.  Exudates,  however,  do  not  invariably  coagulate,  and  too 
much  iniportiuice  should  hence  not  be  attached  to  this  point. 

Hemorrhagic  Exudates. 

HemorrhaiTK'  exudates  are  essentially  sero-fibrinous  in  character, 
the  exact  coliUMlept'iidin^  upon  the  amount  of  blood -j)igment  [)resent. 
Microscopic  examination  reveals  the  })resence  of  a  large  number  of 
red  c<)rj)iiscie>,  ])()lynuc]ear  leucocytes,  and  endothelial  cells.  Choles- 
terin  crvstals  may  also  at  times  be  seen,  though  rarely  in  very  large 
numbers.  When  niiiuerons,  attention  is  readily  drawn  to  them,  dur- 
ing the  niacroscoj)ic  examination  of  the  fluid,  by  the  peculiar  glisten- 
ing aj)]>earance  oi*  its  surface. 

TrBKK<  I'Losis. — As  hemorrhagic  exudates  are  most  comnionlv 
observed  in  cases  of  tuberculosis  and  oi*  carcinoma  of  the  lungs  and 
pleura,  the  specimen  should  be  carei'ully  examined  for  tul)ercle  bacilli 
and  cancer  cells.  In  every  case  it  will  be  best  to  subject  portions  of 
the  fluid  to  centrifniration  and  to  (^\amine  the  sediment  thus  obtained. 
Usuallv  tubercle  bacilli  are  not  found,  even  when  tuberculosis  of  the 
pleura  exists.  If  in  such  cases  culture-experiments  likewise  prove 
negative  and  cancer-cells  are  not  found,  the  diagnosis  of  probable 
tul)erculosis  will  nevertheless  be  warrantable. 

Canx'KK. — The  dia^niosis   of   cancer   should    be   based    upon    the 
demonstration  of  cancer-cells  in  the  fluid.     The  physician,  however, 
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is  warned  not  to  mistake  endothelial  cells  for  cancer-cells.  The 
diagnosis  should  hence  only  be  made  when  large  epithelial  cells  of 
variable  form,  measuring  at  times  1 20  /i  in  diameter,  are  found  in 
large  numbers,  especially  when  arranged  in  groups,  unless,  indeed, 
cancerous  nodules  presenting  the  characteristic  alveolar  stmcture  are 
at  once  found.  Quincke  has  drawn  attention  to  the  occurrence  of 
large  numbers  of  fat-droplets,  which  may  attain  a  diameter  of  from 
40  //  to  50  /i  in  the  fluid  in  cases  of  neoplasm.  At  times  these  fat- 
droplets  are  so  small  and  numerous  as  to  give  a  chylous  appearance 
to  the  exudate.  At  other  times  a  similar  appearance  is  due  to  the 
presence  of  minute  albuminous  granules,  which  may  be  readily  dis- 
tinguished from  the  former  by  their  insolubility  in  ether.  The 
occurrence  of  numerous  fatty-acid  crystals  arranged  in  groups  should 
likewise  be  regarded  as  favoring  the  diagnosis  of  carcinoma.  It  is 
also  claimed  by  Quincke  that  carcinoma  probably  exists,  if  a  marked 
glycogen  reaction  can  be  obtained  in  the  endothelial  cells.  This  test 
has  already  been  described  in  the  chapter  on  Blood  (see  p.  49). 

Kieder  has  lately  called  attention  to  the  occurrence  of  cells  under- 
going division,  their  nuclei  presenting  atypical  karyokinetic  figures, 
which  he  regards  as  pathognomonic  of  carcinoma.  Coverslip  prei>- 
arations  are  prepared  from  the  sediment,  dried  in  the  air,  fixed  by 
immersion,  for  an  hour,  in  a  mixture  of  equal  parts  of  absolute  alcohol 
and  ether,  and  stained  with  a  dilute  solution  of  hematoxylin. 

Putrid  Exudates. 

Putrid  exudates  are  obser\'ed  following  the  perforation  of  a  gan- 
grenous focus  or  of  a  gastric  or  intestinal  ulcer  into  one  of  the  body- 
cavities.  At  other  times  they  are  encountered  in  cases  of  neoplasm 
and  at  times  even  without  any  apparent  cause.  The  material  ob- 
tained in  such  cases  presents  a  brown  or  brownish-green  color,  and 
emits  an  odor  which  in  itself  indicates  the  character  of  the  exudate. 
Microscopically  cholesterin,  hsematoidin,  and  fatty-acid  crj'stals,  as 
well  as  degenerating  leucocytes,  are  found.  In  cases  in  which  aspi- 
ration of  a  higher  intercostal  space  reveals  the  presence  of  serous 
fluid,  while  putrid  material  is  obtained  at  a  lower  point,  the  existence 
of  a  subphrenic  abscess  should  l)e  suspected.  In  such  cases  a  pure 
culture  of  the  bacillus  coli  communis  has  been  obtained.  The  re- 
action of  putrid  exudates  is  usually  alkaline,  but  an  acid  reaction 
may  be  obtained  in  cases  of  perforation  of  a  gastric  ulcer ;  the  sar- 
cina  ventriculi  and  saccharomyces  may  then  also  be  found. 

Pus. 

General  Characteristics  of  Pus. — If  pus,  which  usually  presents  a 
color  varying  from  yellowish-gray  to  greenish-yellow,  is  allowed  to 
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stand  for  some  time,  a  liquid  gradually  appears  at  the  top^  and  in- 
crea.ses  in  amount,  until  it  is  finally  possible  to  distinguish  two  dis- 
tinct layers,  the  one  above — the  pus-serum,  the  other  at  the  bottom 
— the  pus-corpuseles.  Ui)on  the  number  of  the  latter  the  consistence 
as  well  as  the  specific  gravity  of  the  pus  is  dependent.  This  mar 
vary  between  1.020  and  1.040,  ^\^th  an  average  of  1.031  to  1.033. 
Fresh  pus  has  always  an  alkaline  reaction,  which  may  become  neutral 
or  slightly  acid  ufwu  standing,  owing  to  the  development  of  firee 
fatty  acids,  glycerin-phosphoric  acid,  and  lactic  acid.  The  color  of 
pus-serum  may  be  a  light  straw,  a  greenish,  or  a  brownish-yellow. 
The  Chemistry  of  Pus. — The  chemical  composition  of  pas-serum 
and  pus-corpuscles  may  be  seen  from  the  following  tables : 

Analysis  of  Pus-serum. 

I.  XL 

Water 913.7  9a5.65 

Solids 86.3  94.35 

Albumins 63.23  77.21 

lecithin 1.50  0.66 

Fat 0.26  0.29 

Cholesterin 0.53  0.87 

Alcoholic  extract 1.52  0.73 

Aqueous  extract 11.53  6.92 

Inorganic  salts          .....  7.73  7.77 

Analysis  of  Pus-corpuscles. 

I.  11. 

Albumins 137.62  

^^'-»-" 342.57  {^;|f 

In><)luble  matlor       .....  205.66  

T^'citliiii  )  1JQ  QQ  ^    75.64 

Fat            ) ^'*'^-^^  \    75.00 

Cholesterin 74.0  72.83 

('erebriii           ......            51.1>91  iai  q4 

r.xtractives      .  .  .  .         .  .  44.33  j 

IV'ptonc  is  usually  present,  and  derived  from  the  piis-oorpiiscles. 
I^eiiein  and  tyrosin  are  likewise  fre(jnently  met  with  in  the  pus  of  old 
abseesses,  and  latty  aeids,  nrea,  sugar,  glyeogen,  biliary  pigments, 
and  aeids  (in  eatarrlial  janndi(H'),  aeet(Mie,  uric  acid,  several  xanthin 
bases,  eliolesterin,  ete.,  have  oeeasionallv  been  observed. 

Microscopic  Examination  of  Pus. — Li:r(()CVTh>i. — If  a  drop  of  pus  is 
examined  witli  the  miemseope,  it  will  be  seen  to  contain  innunienible 
lencoevtes,  the  diameter  of  which  varies  iVom  S  ft  to  10//,  and  which 
in  fresh  })ns  exhibit  am(el)oid  movements.  Jt  is  curions  to  note  that 
the  scvealled  lymphocytes  do  not  occnr  in  pus,  and  even  in  tlie  rare 
cases  in  which  a  ]>redominanec  of  this  variety  is  met  with  in  the 
blood,  as  in  eases  of  lymphatic  lenka'mia,  only  the  larger  forms  occur 
in  the  pns  of  abscess(\s  which  may  have  formed.  While  the  leuco- 
cytes of  fresh   pns  usually  present  a  normal  ap|x^arance,  specimens 
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may  be  observed  in  which*  amoeboid  movements  can  no  longer  be  ob- 
served, even  upon  the  application  of  heat,  and  in  which  rounded 
vacuoles,  filled  with  a  clear  liquid,  and  fatty  granulations  in  moderate 
numbers,  may  be  seen.  A  predominance  of  such  dead  leucocytes 
usually  indicates  that  the  pus  is  old  or  has  been  formed  in  greatly 
debilitated  subjects. 

Owing  to  a  resorption  of  water  from  accumulations  of  pus  of  long 
standing  such  material  finally  assumes  a  caseous  aspect,  and  the 
leucocytes  will  be  seen  to  have  greatly  diminished  in  size,  and  to 
have  assumed  an  angular,  shrunken  appearance ;  it  is  then  hardly 
possible  to  demonstrate  the  presence  of  a  nucleus,  even  after  the  ad- 
dition of  acetic  acid. 

It  is  noteworthy  that  in  cases  of  hepatic  abscess  referable  to  the 
amceba  coli  it  is  seldom  possible  to  demonstrate  any  normal  leuco- 
cytes, and  it  will  be  seen  that  under  such  conditions  the  pus  consists 
essentially  of  granular  and  fatty  detritus,  while  in  liver-abscesses 
due  to  other  causes  the  leucocytes  usually  present  a  fairly  normal 
ap|>earance. 

In  gonorrhoeal  pus  eosinophilic  leucocytes  are  frequently  found. 
Dr.  E.  Owings,  who  studied  this  question  in  my  laboratory,  was  led 
to  the  following  conclusions : 

1.  Eosinophilic  leucocytes  are  present  in  the  gonorrhoeal  pus  in  a 
large  j)ercentage  of  cases.  They  may  be  absent,  however,  even  when 
a  marked  hyperleucocytosis  and  eosinophilia  exist  in  the  blood. 

2.  Their  number  varies  pari  passu  with  the  number  present  in  the 
blood,  and  the  percentage  in  the  pus  is  never  in  excess  of  the  per- 
centage in  the  blood. 

3.  Gonococci  are  rarely  found  in  eosinophilic  leucocytes. 

As  has  already  been  pointed  out,  eosinophilic  leucocytes  are  also 
found  in  the  sputum,  and  are  especially  abundant  in  cases  of  bron- 
chial asthma  and  emphysema. 

Mast-cells  are  only  exceptionally  seen  in  pus. 

Giant  Corpuscles. — So-called  giant  pus-corpuscles,  measuring 
at  times  from  30  //  to  40  fi  in  diameter,  have  been  observed  in  ab- 
scesses of  the  gum,  hypopyon,  and  in  the  contents  of  suppurating 
ovarian  cysts,  but  do  not  appear  to  have  any  special  significance. 
Upon  careful  examination  these  bodies  will  be  seen  to  contain  one 
oval  nucleus,  usually  located  eccentrically  within  the  cell,  and  from 
one  to  thirty  or  even  forty  pus-corpuscles. 

Dktuitus. — Fattv  and  albuminous  detritus  in  variable  amount 
may  be  observed  in  every  specimen  of  pus,  and  increases  with  the 
length  of  time  that  it  has  been  confined  within  the  body.  The  same 
holds  good  for  the  presence  of  free  nuclei,  which  were  formerly  re- 
garded as  young  pus-corpuscles,  but  which  have  now  been  definitely 
recognized  as  originating  during  the  disintegration  of  the  corpuscles. 

33 
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KeL'  0.»ept>-.lis. — Red  bl«><i-<x»rpii&<4€s  in  variable  numbers  art 
a^uallv  •e»rn  in  every  specimen,  their  appearance  depending  apoD  the 
len;rth  «'i"tim»r  that  th^y  have  been  o^nfined.  Pns-corpas^rles  may  it 
tim»-*  ^^  se^n  to  cr 41  tain  a  rwl  eorpuacle. 

In  d-Kibtful  ca.re*  it  i*  alwav^  well  to  search  carefallv  for  the 
pre-^n«-e  **f  ti*??ue-*:lemeni*,  a*  it  i?  at  times  possible,  only  in  this 
manrj^-r.  to  rHy^grnize  th«-  true  rharacter  of  the  morbid  process.  Ai 
tlie  *Lta  of  impirtancv  have  alrwi«ly  been  detailed  in  other  secdoDs 
of  thi=  }jij»»k  ■'  viz.  SfHitum  and  I'rine),  it  will  be  unnecessary  to  re- 
oapitiilatf  at  thi-  place. 

pATH«j«,rENFC  YEfivrxBLi:  Para^ites, — Among  the  path<igenic 
organism;*  which  are  of  especial  interest  from  a  clinical  standpoint 
therrr  may  Ix-  mentioned]  the  true  |>asH>rganisms,  notably  the  staphy- 
loc^icr;u«?  pyojrenes  aureus  and  the  streptococcus  pyogenes  ;  further- 
more, the  tul>ercle  Ixicillus,  tlie  actinomvces  homiuis,  the  bacillus  of 
glanders,  the  l>acilhis  of  anthrax^  leprosy,  tetanus,  influenza,  and 
Fninkers  pneunK»crK*cus,  etc.  The  majority  of  these  have  already 
been  des<;rilxHl,  and  the  reader  is  referred  for  more  detailed  infor- 
mation to  -pecial  works  on  bacteriology.  In  this  connection  it  will 
suffif-e  to  state  that.  s<»  far  as  pleural  exudates  are  concerned,  an  ab- 
s^-'nee  of  mien ►-or<ran isms  is  usually  indicative  of  tuberculosis,  while 
the  presence  of  FrankeFs  pneuraococcus  in  exudates  forming  in  the 
crjurse  of  a  pneumonia  apjjears  to  \ye  a  favorable  omen,  as  regards  the 
origin  of  the  pleuritic  effusion. 

Pkotozoa,  witli  the  exception  of  the  amoeba  coli,  have  only  rarely 

Ixten  found.      Kfin^tler  and  Pitres  observed  numerous  large  spores 

witli  f'rnrii  t<ii  to  twenty  crescentic  cnrpiiscles  in  the  pus  taken  fn>ra 

tlie   pleural   cavitv  of  a  man,  which  closclv  resembled  the  coccidia 
I  •  . 

of  iniee.  Litten  ol^ervcd  cercornonads  in  the  fluid  withdrawn  from 
a  j)lcnnil  cavity.  Trichonionads  liavc  been  found  in  a  case  of 
enij)ycnia. 

^Slc)--!  important  in  this  connection  is  tlic  demonstration  of  the 
anncha  coli  in  the  pus,  and  in  cases  of  liver-abscess  an  examination 
with  thi.s  view  should  never  be  neglected,  as  the  prognosis  will  to  a 
iarg<'  extent  deiMMid  upon  the  results  obtained.  So  far  as  the  occur- 
rence of  ainceba'  in  jms  is  concerned,  the  observation  of  Flexner, 
who  defuonst rated  their  proencc  in  an  abscess  of  the  lower  jaw, 
shows  that  they  should  not  bo  hK)ke(l  for  in  the  pus  of  abscesses  of 
the  liver  or  lun<r  onlv. 

Vkkmf>. — Of  these,  the  filaria  and  hvdatids  are  verv  rarelv  ob- 
served  in  this  country.  Bothrioccphalus  leguloides  has  been  found 
in  th(;  phniral  cavity  of  a  (.'hincsc  patient. 

Ckvstai.s. — As  has  been  stated,  crystals  of  cholesterin  are  fre- 
<|ncntly  found  in  old  j)us  and  in  exudates  of  long  standing,  but  are 
rarely  seen   in   recent  exudates.     They  may  be  recognized   by   their 
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characteristic  form  and  their  chemical  reactions,  as  described  in  the 
cliapter  on  Feces  (p.  204).  Triple  phosphates,  fatty-acid  crystals, 
and  hiematoidin  are  likewise  frequently  seen,  the  presence  of  the 
latter,  of  course,  indicating  a  previous  admixture  of  blood. 

Chylous  and  Ohyloid  Exudates. 

Chylous  and  chyloid  exudates  have  been  repeatedly  observed. 
They  are  most  frequently  met  with  in  the  abdominal  cavity  (104 
times  out  of  the  total  number  of  155,  which  have  thus  far  been  re- 
jx)rted),  less  commonly  in  the  pleural  cavity  (forty-nine  times),  and 
only  rarely  in  the  pericardial  sac  (twice  only).  Quincke  believes 
that  the  two  forms  can  be  etiologically  distinguished  from  one  an- 
other by  means  of  a  microscopic  examination,  as  the  cloudy  appear- 
ance in  the  chyloid  form  is  usually  referable  to  the  presence  of 
endothelial  or  epithelioid  cells  undergoing  fatty  degeneration.  Later 
observations,  however,  have  shown  that  the  differentiation  of  the 
two  forms  cannot  be  made  upon  this  basis,  as  the  same  anatomical 
lesion,  such  as  carcinoma,  may  at  times  give  rise  to  the  formation 
of  a  chylous  exudate,  at  others  to  that  of  the  chyloid  form,  and  both, 
moreover,  may  coexist. 

Senator  claimed  that  the  presence  of  more  than  mere  traces  of 
sugar  is  strongly  suggestive  of  the  chylous  nature  of  the  exudate. 
Possibly  this  observation  may  be  of  some  value,  but  it  must  not  be 
forgotten  that  sugar  is  quite  commonly  met  with  in  all  forms  of 
transudates  and  exudates.  The  presence  of  more  than  0.2  per  cent, 
can  only  be  of  value. 

Chylous  exudates  in  their  general  appearance  resemble  milk,  while 
the  chyloid  fluid  is  more  suggestive  of  pus.  The  turbidity  in  both 
cases  is  usually  referable  to  the  presence  of  innumerable  fat  globules, 
which  are  especially  abundant  in  the  chylous  form.  In  chyloid  exu- 
dates the  origin  of  the  fat  from  cellular  elements  is  often  apparent  at 
once,  but,  as  has  been  said,  it  is  impossible  to  draw  definite  etiologic 
conclusions  from  that  difference.  Some  chyloid  exudates  contain  no 
fat  at  all,  and  Lion  has  shown  that  the  milky-appearance  in  such  cases 
is  owing  to  the  presence  of  a  curious  albuminous  substance,  belong- 
ing to  tlie  class  of  nucleo-albumins. 


CHAPTER  IX. 

THE  EXAMINATION  OF  CYSTIC    OOXTEXTS. 

CYSTS   OF    THE   OVARIES   AND    THEIR    APPENDAGES. 

The  material  obtaine<l  from  cysts  of  the  ovaries  or  their  appen- 
dages varies  greatly  in  character.  On  the  one  hand  it  mav  be 
flnid,  clear,  of  low  specific  gravity,  and  contain  but  little  albumin, 
while,  on  the  other,  it  may  be  dense,  viscous,  of  colloid  appearance, 
andasjx?cific  gravity  varying  between  1.018  and  1.024,  owiug  fo 
the  presence  of  a  large  amount  of  albumin,  viz,  serum-albunain, 
serum-globulin,  and,  most  im|x>rtant  of  all,  metalbumin  or  paralhn- 
miu.  The  latter  is  almost  constantly  met  with  in  ovarian  cysts,  and 
its  presence  is  quite  characteristic  of  fluids  derived  from  this  source, 

Trst  for  Metalbumin. — The  fluid  is  mixed  with  three  times 
its  volume  of  alcohol  and  set  aside  for  twenty-four  hours,  when  it  is 
filtered  and  the  precipitate  suspended  in  water.  This  is  again 
filtered  and  the  filtrate  tested  in  the  following  manner  :  1.  A  few 
c.c.  are  boiled,  when  in  the  presence  of  metalbumin  the  liquid  will 
become  cloudy,  without  the  formation  of  a  precipitate.  2.  With 
acetic  acid  no  precij)itate  is  obtained.  3.  Upon  the  application  of 
the  acetic  acid  and  potassium  fcrrocyanide  test  the  liquid  become;^ 
thick  and  assumes  a  vcllowish  color.  4.  When  boiled  with  Millon's 
rca<rcnt  a  few  c.c.  of  the  filtrate  will  vield  a  bluish-red  color,  while 
the  addition  of  concentrated  sulpliuric  acid,  without  boiling,  gives  rise 
to  a  violet  e(>lor. 

The  color  ot'cvstic  fluids  mav  varv  from  a  litjht  straw  to  a  nnldish- 
brown,  (»r  even  a  cliocolatc ;  tlie  latter  color  may  be  observed  when 
hemorrhage  has  taken  place  into  the  cyst. 

Of  inor[)holo<ri('  elements,  ovarian  cysts  contain  red  blood-con>u^- 
cles,  leucocytes,  and  at  times  fatty  granules  in  large  numl>ors,  crys- 
tals of  cliolesterin,  liaMuatoidin,  and  fatty  acids.  Most  important, 
however,  from  a  dia^^nostic  standpoint  is  the  presence  of  cylindrical 
or  prismatic  ciliated  epithelial  cells,  derived  from  the  internal  lining 
of  the  cyst,  in  the  presence  of  which  the  diagnosis  may  be  definitely 
made  ( Fi^.  1*J7).  At  times  such  cells  cannot  be  demonstrateii,  as 
they  mny  have  undergone  fatty  degeneration  ;  moreover,  if  the  epi- 
thelium, lining  the  cyst,  is  squamous  in  character,  it  may  be  difficult, 
if  not  imj)ossil>le,  to   arrive  at  a  satisfactory  conclusion   from   an  ex- 
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amination  of  the  morphologic  elemeuts  alooe.  Colhld  concrdions, 
which  rniw  vary  in  size  from  several  raicromilli metres  to  0.1  mm., 
are  occasionally  observed,  and  more  particularly  in  colloid  cysts. 
They  may  be  recognized  by  their  irregular  form,  their  homf^neous 
appearance,  their  slightly  yellowish  color,  and  delicat*  outlines. 

In    dermoid   cysts,   epidermal    cells  and   occasionally  hairs   are 
observed. 


C  n      In       In      BiimD    v  L  e-p  eoe  II        bj  8  ■,  Re  chebt  J  KSi 

a.  S<iiiaruuui  enithqliil  qcLL>;  b,  OlUted  epIIhelLal  ccll>:  c,  roJuinnu  epLUiellil  cella;  d, 
Vu-iuui  totmi  nf  epKtaeliil  cells  ;  t,  VUiy  xiuudous  epllbelial  cells  ;  /,  Callold  budla  ;  g,  Chv- 

The  differential  diagnosis  of  ovarian,  parovarian,  and  fibro-cystic 
(uterine)  cysts  cannot  always  be  made  from  the  character  of  the  fluid 
withdrawn  by  puncture,  but  at  times  it  is  possible.  The  most  im- 
portant points  of  difference  are  here  given  :  1.  The  fluid  in  ovarian 
cystomata  is  usually  more  or  less  viscid,  and  often  contains  non- 
nucleated  granular  corpuscles,  about  the  size  of  leucocytes,  the  gran- 
ules not  dissolving  in  acetic  acid,  nor  disappearing  when  treated  with 
ether,  lu  all  probability  they  are  free  nuclei  and  are  often  called 
Drysdale's  corpuscles  in  our  country.  2.  In  parovarian  cysts  the 
fluid  is  thin,  waterj-,  of  low  specific  gravity  (uuder  1.010),  and  con- 
tains very  few  morphologic  elements.  Cylindrical  epithelium  is 
very  rarely  found  during  life  in  the  fluid  withdrawn  by  aspiration 
from  either  ovarian  or  parovarian  cysts.  3.  The  fluid  from  fibro- 
cystic tumors  of  the  uterus  is  thin,  watery,  and  coagulates  spon- 
taneously, while  that  from  ovarian  and  parovarian  cysts  never  coag- 
ulates spontaneously,  unless  blood  is  present.  Fibro-cyadc  tumors  of 
the  uterus  have  no  epithelial  lining. 
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HTDATID  CYSTS. 

Hydatid  evsts  are  scarcelv  ever  seen  in  this  oouiitrv.  The  fluid  in 
question  is  clear,  alkaline,  of  a  specific  gravity  varying  between 
l.OOG  and  1.010,  and  contains  no  albumin.  Succinic  acid  is  usually 
present,  and  may  be  demonstrated  by  acidifying  a  small  amount  of 
the  fluid  with  hydrochloric  acid  and  evaporating  to  dryness.  The 
residue  is  extracted  with  ether  and  the  ether  evaporated  ;  the 
aqueous  solution  of  the  second  residue,  in  the  presence  of  succinic 
acid,  will  yield  a  rust-colored  gelatinous  precipitate  when  trcatetl 
with  a  few  drops  of  a  solution  of  the  sesquichloride  of  iron.  Sodium 
chloride  is  always  present  in  notable  amounts,  and  may  be  recognized 
by  eva]X)rating  a  drop  of  the  liquid  upon  a  slide^  when  the  charac- 
teristic crystals  of  salt  will  be  found.  Most  important,  of  course,  i* 
the  microsa)pic  examination,  which  may  reveal  the  presence  of  hix»k- 
lets  and  shreds  of  membrane,  and  at  times  of  scoHces  (see  Sputum). 

HTDRONEPHBOSIS. 

The  diagnosis  of  hydronephrosis  can  usually  be  made  without  difli- 
culty,  if  a  sufficient  amount  of  fluid  can  be  obtained,  as  the  presence 
of  urea  and  uric  acid  in  notable  quantities,  as  well  as  of  renal  epithelial 
cells,  which  latter  especially  should  be  sought  for,  is  quite  character- 
istic. Small  amounts  of  uric  acid  may  also  be  present  in  ovarian 
cysts. 

PANCREATIC  CYSTS. 

These  cysts  may  be  recognized  by  the  fact  that  the  fluid  possesses 
the  power  of  cli<rt'stin«r  albumin  in  alkaline  solutions.  A  small 
amount  of  the  li<|ui(l  is  added  to  milk,  when  after  precipitation  of 
the  casein,  the  biuret  test  is  ai)plied  ;  a  positive  reaction  indicate- 
the  })resence  of  frj/psin.  Unfortunately,  however,  this  test  does  not 
always  yield  positive  results,  even  if  the  fluid  in  question  is  deriveil 
from  a  ])ancrc'atie  cyst,  as  the  trypsin  is  apparently  destroyed  in  the 
course  of  time.  The  lar^rer  the  size  of  the  cyst,  the  less  likely  will 
it  be  ])ossil)I(;  to  obtain  the  reaction.  A  }X)sitive  result  is  hence 
onlv  of  value,  while  a  ne<rative  result  does  not  exclude  the  existence 
of  the  disease. 


CHAPTER    X. 

THE   EXAMINATION   OF  THE   CEREBRO-SPINAL 

FLUID. 

According  to  our  present  knowledge,  the  cerebro-spinal  fluid  is 
secreted  by  the  choroid  plexuses  into  the  lateral  ventricles.  Passing 
througli  the  foramina  of  Monroe,  the  third  ventricle,  and  the  aque- 
duct of  Sylvius,  on  the  one  hand,  it  reaches  the  fourth  ventricle  and 
enters  the  cistern-like  subarachnoid  spaces  at  the  base  of  the  brain, 
tlirough  the  foramen  of  Magendie  and  the  lateral  clefts  of  the  fourth 
ventricle.  On  the  other  hand,  a  certain  portion  of  the  fluid  reaches 
the  same  destination  directly  through  the  cleft  in  the  descending  horn 
of  each  lateral  ventricle.  The  larger  portion  of  the  fluid  then  passes, 
upward  through  the  subarachnoid  spaces  along  the  convexity  of  the 
brain  to  the  Pacchionian  granulations,  while  the  smaller  portion  en- 
ters the  vertebral  canal  through  the  subarachnoid  spaces  of  the  spinal 
arachnoid  membrane. 

Within  recent  years  puncture  of  the  vertebral  canal  has  been 
frequently  resorted  to,  both  for  therapeutic  and  diagnostic  purposes. 
The  practical  value  of  this  method  of  diagnosis  is  now  beyond  ques- 
tion, and  it  is  to  be  ho[>ed  that  ere  long  physicians  will  resort  to 
spinal  puncture  in  obscure  cases  of  cerebro-spinal  disease,  with  as 
little  hesitancy  as  puncture  of  the  thoracic  and  abdominal  cavities  is 
now  practised. 

The  operative  method  to  be  employed  is  the  following  :  With  the 
patient  placed  upon  his  left  side, — ^some  observers  prefer  the  sitting- 
posture, — ^and  the  body  bent  well  forward,  a  long  aspira ting-needle 
is  introduced  upon  a  level  with  the  lower  third  of  the  third  or  fourth 
lumbar  spinous  process,,  and  about  one  cm.  to  the  side  of  the  median 
line,  the  needle  being  directed  slightly  upward  and  inward.  The 
depth  to  which  it  is  necessary  to  puncture  will,  of  course,  vary  with 
the  age  of  the  patient.  In  a  child  two  years  of  age  the  vertebral 
canal  may  be  reached  at  a  depth  of  two  centimetres,  while  in  the 
adult  it  is  necessary  to  insert  the  needle  for  a  distance  of  from  4  to 
8  cm.  As  soon  as  the  subarachnoid  space  is  reached  cerebro-spinal 
fluid  will  flow  from  the  needle.     Aspiration  should  always  be  avoided. 

Some  writers  have  advised  that  the  operation  he  performed  under 
narcosis,  and  without  doubt  this  may  be  necessary  at  times,  jmr- 
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majority  of  cascsi,  however,  it  is  not  necessarj'. 

Amount. — S)  far  as  I  have  lieen  able  to  ascertain,  no  observatioos 
have  thus  far  been  made  reganling  the  amount  of  fluid  which  may 
Ix*  obtaine<l  by  puncture  in  normal  individuals.  In  all  pn)bability, 
however,  this  is  small.  Under  pathoh^ic  conditions  the  amount  may 
vary  from  a  few  drops  to  100  c.c,  and  even  more.  Ingeneral  terms 
it  may  be  stated  that  the  amount  is  directly  proportionate  to  the  de 
gn?e  of  intra-cranial  prc^sun*.  Exceptions,  however,  are  frequent. 
Small  amounts  of  cerebro-spinal  fluid  or  mme  at  all  may  thus  l>e 
obtained,  when  owing  to  the  fonnation  of  a  thick  exudate,  or  the  ex- 
istence of  a  cerebral  tumor  the  communication  between  the  basilar 
subarachnoid  spaces  of  the  l)rain  and  those  of  the  spinal  eord  has  been 
interrupted.  Whenever,  then,  symptoms  of  intra-cranial  pressure 
exist,  while  no  fluid  or  minimal  amounts  onlv  can  be  obtained  bv 
j)un('ture,  the  conclusion  will  usually  l)e  justifiable  that  M*e  are  deal- 
injr  witli  a  jnirulent  meningitis  or  with  a  tumor  of  the  brain,  and 
Uiore  especially  of  the  cerebellum.  It  should  be  rememl>ereil,  how- 
ever, that  the  same  result  may  Ik?  obtained  in  cases  of  obliteration  of 
the  acjueduct  of  Sylvius,  or  when  sclerotic  pnjcesses  involve  the  fora- 
men of  Ma^rendie,  which  is  occasionally  observed  in  certain  forms  of 
hydnK'eplialns.  Adhesions  of  the  pia  mater  to  the  arachnoid  and 
the  (hira  mater  may,  by  interfering  with  the  flow  of  eerebro-spinal 
fluid,  also  lead  to  the  formation  of  hydrocephalus,  but  in  these  cases  a 
tumor  can  usually  be  excluded,  as  the  changes  in  question  always 
develop  as  se<juela^  to  a  meningitis.  A  serous  or  tubercular  menin- 
gitis, n-  well  as  acute  hydrocephalus  and  tetanus,  can,  however, 
alwavs  1m'  excluded  when  onlv  minimal  amounts  of  fluid  are  obtaineil 
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by  pnnelure.  The  largest  ainonnts,  on  the  other  hand,  are  seen  in 
eases  of  serous  meningitis,  tubercular  meningitis,  and  cerc^bral  tumors, 
which  do  not  interfere  with  the  eireulation  of  the  cerebro-spinal  fluid. 
Appearance. — Xormal  eerebro-spinal  fluid,  as  well  as  that  obtaineil 
in  eases  of  serous  meningitis,  tubercular  meningitis,  hydrocephalus,  and 
tuMKU's  of  the  brain,  is  ])erfeetly  clear,  and  as  a  rule  colorless,  uidess 
a  small  blood-vessel  has  l)een  ])uneture(l,  when  the  fluid  may  present 
a  sliirhtlv  reddish  tinirc.  ^b)re  or  less  pronounced  vellow  shades 
are,however,  also  at  times  observed.  Important  from  the  standpoint 
C)f  diagnosis  is  the  fact  that  in  eases  of  hemorrhage  into  the  ventricles 
])ure  blood  is  obtained,  while  such  a  result  is,  of  course,  a  mechanical 
imj)()ssibility  in  cases  of  epidural  hiematoma.  In  subdural  ha?matoma, 
on  the  other  hand,  blood  mav  also  find  its  wav  into  the  subarachnoid 
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space,  but  the  amount  is  always  small,  and  cannot  be  comparetl  w*ith 
that  seen  in  cases  of  ventricular  hemorrhage.  Whenever,  then,  as  in 
traumatic  cases  with  severe  cerebral  symj)toms,  the  surgeon  is  con- 
fronted   with  the  question   whether  or  not  to  trephine,  puncture  of 
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the  subarachnoid  space  may  furnish  much  valuable  information.  If 
in  such  cases  no  blood  at  all  is  obtained,  it  may  be  inferred  that  an 
epidural  hsematoma  or  a  subdural  hsematoma  of  slight  extent  only 
exists ;  an  operation  mi^ht  then  be  performed.  If,  however,  pure 
blood  is  found,  it  would  be  justifiable  to  assume  the  existence  of 
extensive  injury  to  the  brain-substance  proper,  or  in  cases  in  which 
the  history  of  the  case  is  obscure,  an  intra-cerebral  hemorrhage  with 
rupture  into  the  ventricles.  In  such  cases  the  idea  of  an  operation 
would,  of  course,  only  be  entertained  under  exceptional  conditions. 
If,  further,  the  fluid  is  only  tinged  with  blood,  a  subdural  hsematoma 
probably  exists,  and  an  operation  could  be  advised.  Accidental 
hemorrhage,  viz,  hemorrhage  referable  to  the  puncture  itself,  can  be 
readily  recognized,  as  the  first  few  drops  only  are  then  tinged  with 
blood,  or  the  blood  apjiears  only  after  the  flow  has  been  definitely 
established  ;  the  amount,  moreover,  is  insignificant. 

Cloudy  fluid  is  obtained  in  all  cases  of  purulent  meningitis  unless 
the  disease  is  limited  to  a  very  small  area.  This  is,  of  course,  most 
important  from  a  diagnostic  standpoint.  Cases  of  abscess  of  the  brain 
or  sinus  thrombosis  occur  again  and  again  in  which  the  question  as 
to  the  advisability  of  operative  interference  is  largely  dependent  upon 
the  presence  or  absence  of  a  complicating  purulent  meningitis.  In 
certain  instances  a  satisfactory  conclusion  may,  of  course,  be  reached 
without  puncture  ;  but  in  many  others  this  is  impossible,  and  Licht- 
heim's  dictum,  that  an  operation  should  never  be  undertaken  in  such 
cases  unless  the  integrity  of  the  meninges  has  been  established  by 
spinal  puncture,  should  be  borne  in  mind. 

The  degree  of  cloudiness  naturally  varies  in  different  cases,  and 
while  in  some  instances  the  character  of  the  fluid  is  sero-purulent, 
j)ure,  creamy  pus  may  be  found  in  others.  Generally  speaking,  a 
cloudy  fluid  indicates  the  existence  of  an  acute  inflammatory  process 
or  an  acute  exacerbation  of  a  chronic  process. 

Important,  furthermore,  is  the  fact  that  the  fluid  in  non-inflam- 
matory diseases  of  the  brain,  such  as  tumor  or  abscess,  rarely  under- 
goes coagulation,  while  this  is  the  rule  in  all  inflammatory  diseases. 
In  tubercular  meningitis  the  coagula  are  very  delicate,  and  may  be 
well  compared  to  spider-webs,  which  extend  throughout  the  fluid, 
while  in  purulent  meningitis  the  coagula  are  much  firmer. 

Specific  Gravity. — The  specific  gravity  of  cerebro-spinal  fluid 
normally  varies  between  1.005  and  1.007,  corresponding  to  the 
presence  of  from  10  to  15  p.  m.  of  solids.  Under  pathologic  condi- 
tions variations  from  1.003  to  1.012  may  be  observed,  the  specific 
gravity,  generally  speaking,  being  higher  in  the  inflammatory  than 
in  the  non-inflammatory  diseases  of  the  brain.  From  a  diagnostic 
standpoint,  however,  the  determination  of  the  specific  gravity  is  of 
little  value,  as  numerous  exceptions  occur  to  the  above  rule. 


522         EXAMLSATJOy  OF  THE  CEREBBOSnSAL  FLUID. 

Chemical  Conpositaao. — Ad  idea  of  the  chemical  compos^ition  of 
tlie  ivrel*r«:i-^[4Dal  doSd  may  Ik-  formed  from  the    following  analysis, 
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In  :i<i<iiTi<>D.  urc^i  is  at  tinu-s  fMiind,  a«  also  a  sulistance  which  re- 
diitx-  Ft'ljlin::^  >4.1utii»n  and  irivt-s  rir?e  to  a  brown  color,  when  boiled 
with  cau^tii-  jNita^h,  but  which  neither  undergoes  fermentation  nor 
fonn*  an  «»sazftn  wh«*n  tri^atiHl  with  phenyl hydrazin.  The  substance 
in  <jue>tiMn  iri-  irenerally  iviranled  as  pvrocatechin.  Its  amount  varies 
lietwi'tn  < ».« M »*J  and  « M 1  ti  |iiT  cent.  Acconling  to  C\  Bernard  glucose 
is  als'i  pR-si-nt.  Imt  it  is  qut-stionable  whether  this  is  actually  the  case 
undt-r  ni»rnml  conditions  isee  V>e]ow).  Xawratzki  discovered  a  re- 
ducing sul>stance  in  his  cases,  which  was  demonstrated  to  I>e  glucose: 
hi>  -ubjrcts,  however,  were  unfortunately  not  normal,  but  general 
jKireiics  with  fever.  Pyn>catechin  was  absent.  So  far  jis  the  albu- 
minou-  billies  are  conccrneil  which  may  be  found  in  the  cerebro-spioal 
fluid,  seruiu-albuniin  is  said  to  Ix*  present  only  under  exceptional 
f'on<litioiw.  wliile  normally  a  mixture  of  jjlobulin  and  albumoses  is 
I'muihI.     The  que^tion  whether  <»r  not  mucin  may  also  be    present  i> 

-till  undeei«le(l. 

l'nd»*r  i)aiholoirie  eondition-  the  amount  of  albumin  niav  varv 
e  »iisld(*ral»lv.  and  i-  of  soiiir  tliairno>tic  importance.  Aecordincj  to 
the  maioritv  of  o]>-rrver-  the  riirure  jjriven  in  tiie  alxive  analvsis  is 
-oinewhat  too  hiLdi.  an<l  it  i<  <juestionahle  whether  1  p.  in.  may  l>e 
re<rarded  a-  normal.  The  lowest  values  have  been  obtiiined  in  case's 
of  ehroiiie  hvdrocephalu^  (traeesonlyl,  menin<ritis  serosa  (O.o  to  O.To 
j).  m.),  and  tumors  <»f  the  brain  (traces  to  O.S  p.  m.),  while  the  largest 
amounts  have  l>een  found  in  ehronie  hydrocephalus,  the  result  of 
hvpenemia  (1  to  7  j).  m.),  and  tubercular  meningitis  (1  to  3  p.  m.). 
Nawratzki  in  reeent  examinations  found  amounts  varying  between 
0.017  and  0.170  per  cent.,  but  tlu*  subjects  of  his  investigation  bad 
fever  at  the  time. 

Liehtheim  claims  to  have  found  glucose — by  means  of  the  phenyl- 
hv<lrazin  test — in  all  cases  of  tinnor  which  he  examined.  In  cases 
oi*  tubereidar  meningitis,  on  the  other  hand,  a  }K)sitive  result  was 
onlv  exe(^ptionally  obtained.     (Quincke  also  reports  that  he  was  able 
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to  demonstrate  the  presence  of  sugar  whenever  the  liquid  obtained 
was  sufficient  in  amount  for  the  necessary  tests.  Unfortunately, 
however,  he  does  not  detail  his  cases.  Concetti  found  no  sugar  in 
hydrocephalic  fluid. 

The  experience  of  other  observers  does  not  agree  with  that  of 
Lichtheim  and  Quincke,  and  Fiirbringer,  who  has  thus  far  reported 
the  largest  number  of  spinal  punctures,  has  found  sugar  in  only  two 
cases  of  diabetes  associated  with  tuberculosis. 

Microscopic  Examination. — The  microsco])ic  examination  of  the 
fluid,  withdrawn  by  spinal  puncture,  is  most  important. 

Under  normal  conditions,  as  well  as  in  cases  of  tubercular  menin- 
gitis, tumor,  abscess,  acute  and  chronic  hydrocephalus,  only  a  few 
leucocytes  and  endothelial  cells  from  the  subarachnoid  spaces  are 
usually  found,  enclosed  in  extremely  delicate  meshes  of  fibrin.  In 
purulent  meningitis,  on  the  other  hand,  leucocytes  are  present  in 
large  numbers,  and  in  some  instances  pure  pus  may  even  be  obtained. 

Most  important  from  a  diagnostic  standpoint  is  the  fact  that  patho- 
genic micro-organisms  may  be  found.  Lichtheim,  Furbringer,  Frey- 
han,  Dennig,  and  Fninkel  were  thus  able  to  demonstrate  the  presence 
of  tubercle  bacilli  in  a  fairly  large  number  of  cases  of  tubercular 
meningitis.  Other  observers,  it  is  true,  have  been  less  fortunate, 
but  the  fact  that  Furbringer  found  tubercle  bacilli  in  thirty  cases  out 
of  thirty-seven  is  certainly  significant.  Schwarz  states  that  he  ob- 
tained j>ositive  results  in  16  out  of  22  cases,  and  Slawyk  and  Manica- 
tide  obtained  them  in  all  of  19  cases  (16  times  by  direct  microscopic 
examination,  and  3  times  by  the  animal  experiment).  In  order 
to  examine  for  tubercle  bacilli  the  fluid  should  be  placed  on  ice 
for  from  6-24  hours,  until  a  slight  coagulum  has  formed,  when  the 
fine  spider-web-like  threads  of  fibrin  are  transferred  to  a  cover-slip, 
spread  out  in  as  thin  a  layer  as  possible,  and  stained,  as  described  in 
the  chapter  on  Sputum.  If  a  centrifugal  machine  is  available,  the  ex- 
amination may,  of  course,  be  made  at  once,  and  the  chances  of  find- 
ing the  bacilli  are  undoubtedly  much  greater.  In  every  case  a  large 
number  of  specimens  should  be  prepared  before  the  search  is  aban- 
doned. A  positive  result,  however,  is  only  of  value,  and  in  doubtful 
cases  recourse  should  be  had  to  the  animal  experiment. 

In  the  diagnosis  of  epidemic  cerebro-spinal  meningitis  lumbar 
puncture  is  of  signal  value,  as  the  diplocoecus  meningitidis  intracellu- 
laris  of  Weichselbaum-Jager,  can  be  demonstrated  in  a  very  large 
percentage  of  cases.  Councilman  thus  states  that  during  the  recent 
epidemic  of  the  disease  in  Boston,  lumbar  puncture  was  performed 
in  fifty-five  cases,  and  that,  in  the  fluid  obtained,  the  diplococci  were 
found  on  microscopic  examination  or  in  culture  in  thirty-eight 
cases.  The  average  duration  of  time  from  the  onset  of  the  disease 
before  spinal  puncture  was  made,  was  seven  days  in  the  positive 
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catst^,  iiD'i  r*eA-t^i-Hien  «laT*  in  the  negative  cases.  The  longest  tinie 
afi^r  tbr  •.•ii?«et.  in  which  a  p:«ritiTe  reisalt  was  obtained  wa:?  twemj- 
niar  'iiT*,  SLii:iar  re^uli^  have  alfjc*  been  reached  bv  other  observers, 
Tbr  ■  -rjaiiism  in  qo*^ti<»n  is  a  dipkicoeeus^  each  hemisphere  liein^ 
<.f  iiV»"'j:  \hr  ?3m*:  -izit-  as  iht-  orJinarv  pathogenic  micrococci.  It  is 
rea'l:]v  siiiin-r^i   wiih   ibe  usual   dves,  and   decolorized    bv  Gram? 

«  *  V 

mriLrd.  Sh^n  '-La ins  <»f  fK^m  £.mr  to  six,  and  tetrads  mav  at 
tiiri*:>  l»e  s**n.  It  in"**ws  l»c>t  up^o  Ix»fflers  blood-serum  mixtuiv. 
f. '11111  ag  r«.»uD«l.  whiiish.  shining.  vi^id-loc»kin^  colonies,  with 
smi>»ih.  ^hiiqOy  ^Ji-fint^l  «*uilines,  which  may  attain  a  diameter  of 
fp'iii  1-1  ^  mm.,  in  iweniy-four  hours.  Their  cultivation  upon  plain 
airar.  i:lvi.vrin-airir  an  J  in  l»uillon  is  less  reliable. 

In  <»i>irT  t«.»  obtain  tht-  K-st  ivsults  it  is  necessarv  to  use  large 
ani'»uni?  *A  the  t  xudate.  ami  to  make  a  number  of  cultures,  a*^ 
many  **{  the  or^ani-m*  art-  usually  dead,  or  will   at  least  not  grow. 

In  «»nlinar}*  oiVi-rslij^pr^-parations  they  are  c»Aen  quite  nu- 
mi'iviiL*?.  anJ  lV»und  en<-los<d  in  the  polynuclear  leucocvtes.  Their 
niinilKT  tbvn  varies  o>.»ns!derably.  On  the  one  hand  onlv  one  or  two 
mav  lie  iirc-r-^nt  in  a  cell,  while  in  others  thev  mav  be  so  closelv 
jnir-ke<l.  as  lr»  obscure  ilu-  niK-k-u-^. 

Mixe<l  inlWtions  are  nv»t  unc<:>nimon  in  epidemic  cerebro-spinal 
nienin;riiis.  Omncilman  thus  found  the  pneumococciis  in  seven 
case's,  and  FritH^llfinder's  bacillus  in  one.  Terminal  infections  with 
sta|»hyl«x*^»cei  and  >trepi«X'«nvi  also  occur. 

In  othiT  form-  ol*  j»unik*nt  meningitis  a  large  variety  of  organ- 
isms has  l»ec'n  iVmnd.  Wolf  gives  the  following  figures,  resulting 
ln»ni  liii  aiialy-is  uf  174  ciisv-s.  in  which  epidemic  cerebn>-spinal 
inminirlti-  i>  liMWivcr  inclinKMl  :  in  44/J3  ]>er  cent,  the  pneiini<x>»ccus 
wa-  t*'»iiinl  ;  in  .■)4.4>'  jxr  rent.  x\w  diplococcus  meningitidis  intraeel- 
lularis  :  in  .*].4'»  ]xr  <Mnt.  -taj)liyl«x\XH'i  ;  in  ?^.03  j>er  cent,  strepto- 
(XM-ri.  in  1.1.*>  jK.r  cvnt.  the  barilhis  of  Frie<llauder ;  iu  2. 87  per 
(xnt.  tlu'  ]>[irillns  ty]>hM>iiv  ;  in  1.72  jht  cent,  the  bacillus  of  Xeu- 
inaiin-Srh-itfcr,  and  in  2.s7  per  ci-nt.  tlie  bacillus  coli  communis,  the 
bacillus  ])yopn«'-  ta'ti«hH,  tlio  l)acillus  aerogenes  meningitidis,  and 
the  l)acilln-  niallti.  while  im  bacteria  wt*re  found  in  1.10  per  (»ent.  of 
the  cases. 


CHAPTER  XI. 
THE  SEMEN. 

DEFINITION. 

The  ejaculated  semen  is  a  mixture  of  the  secretions  furnished  by 
the  testicles,  the  prostate  gland,  the  seminal  vesicles,  and  the  glands 
of  Cowper. 

GENERAL   CHA£ACTERISTICS. 

Semen  is  white  or  slightly  yellowish  in  color,  semi-fluid,  sticky, 
and  of  an  opaque,  non-homogeneous,  milky  appearance,  which  is  due 
to  the  presence  of  white,  opaque  islets  floating  in  the  otherwise  clear 
fluid  ;  these  consist  almost  entirely  of  the  specific  morphologic  ele- 
ments of  the  semen,  the  spermatozoa.  Its  odor,  which  strongly  re- 
sembles that  of  fresh  glue,  is  very  characteristic,  and  is  owing  to  the 
presence  of  spermin.  It  is  generally  attributed  to  an  admixture  of 
prostatic  fluid,  as  the  semen  obtained  from  the  vasa  deferentia  is 
odorless.  According  to  Robin,  however,  this  odor  is  only  produced 
at  the  moment  of  ejaculation,  and  cannot  be  ascribed  to  any  single 
one  of  the  secretions  present.  The  reaction  of  human  semen  is 
slightly  alkaline,  and  its  specific  gravity  greater  than  that  of  water, 
in  which  it  readily  sinks. 

CHEMISTRY  OF   SEMEN. 

Curiously,  no  accurate  analyses  of  human  semen  or  of  mamma- 
lian semen  have  been  made,  and  only  the  old  analyses  of  Vauquelin 
and  Kollicker  can  be  given. 
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The  mineral  matter  consists  largely  of  calcium  phosphate. 

If  semen  is  kept  for  any  length  of  time,  or  if  it  is  slowly  evapo- 
rated, crystals  of  spermin  will  separate  out.  These  have  been  shown  to 
be  chemically  identical  with  the  phosphate  of  ethylenimin,  C2H^(NH), 
and  hence  with  the  so-called  Charcot-Leyden  crystals,  so  frequently 
seen  in  astlimatic  sputa  and  in  the  blood  of  leuksemic  patients. 
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THE  SEMEX- 


HICROSGOPIG  EXAMINATION  Of   TH 

Upon  micm^copio  examination  normal  semeD  is  seen  to  coDtun 
iDuumorable,  uctivolv  moving,  thread-like  bodies,  measuriog  from 
50  II  to  60  M  in  length,  the  spermatozoa.  These  CKtnsist,  of  an  egg- 
shaped  head,  when  ^een  from  above,  which  is  from  3  /(  to  o  ,u  io 
length,  the  broader  end  being  directed  anteriorly  ;  a  middle  portion, 
4  M  to  6  n  Id  length,  with  which  the  head  is  tioitetl  by  its  smaller 
end  :  and  a  [xi^terior  piece  or  tail,  into  which  the  middle  piece  grad- 
ually fades  (Fig.  128). 

Fio.  128. 


In  addition  to  the  spermatozoa  a  few  hyaline  bodies  are  seen  which 
are  derived  from  the  seminal  vesicles;  further,  numerous  small,  pale 
granule^  of  an  allmmiiuni,-;  nature,  some  testicular  and  urethral  epi- 
thelial c'tlU,  leeitiiiii-eoriHiiick:-,  and  so-called  prostatic  or  amyloid 
curpiim-li!',  wliieii  at  first  sight  resemble  starch -granules  in  appearance, 
owing  ti>  thoir  cuntentrie  striations.  A  few  leucocytes  and  occasion- 
ally a  few  red  ccirpuselcs  may  also  be  found. 


PATHOLOGY   OF   THE   SEMEN. 

The  .study  of  tlie  semen  lias  as  yet  received  but  little  attention 
frfun  cliniriaiis,  and  gvneciilogists  frequently  hold  the  wife  respon- 
sible iiir  sterility,  where  an  e.xaminiition  of  the  husband's  semen  would 
— acc'i>nling  (o  Ivehrer,  in  40  jht  cent. — reveal  an  absence  of  sperma- 
tozoa, ('(institiitiiig  the  eondition  usually  spoken  of  as  azoospennafism. 
This  niav  be  tempuniritv  observed  following  vcneretd  excesses,  when 
the  Huid  finally  ejaculated  i.-<  almost  entirely  of  prostatic  origin  ;  it 
then  i^wsesses  no  significance,  but  persistent  azoospermatism  must  of 
necessity  be  asso<'iated  wiili  sterility. 

Cases  have  been  recorded  in  which,  notwithstanding  the  presence 
of  spermatozoa  and  otherwise  normal  sexual  conditions  in  both  hus- 
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band  and  wife,  sterility  existed  nevertheless,  but  in  which  it  was 
observed  that  the  spermatozoa  lost  their  motile  power  almost  imme- 
diately after  ejaculation,  while  under  normal  conditions  it  is  a  well- 
known  fact  that,  following  intercourse,  actively  moving  spermatozoa 
may  be  found  in  the  vagina  after  many  hours,  days,  and  even  weeks. 
Whenever  it  is  deemed  advisable  to  make  an  examination  of  the 
semen,  this  should  be  done  immediately  following  ejaculation,  or  as 
short  a  time  as  possible  at  least  be  allowed  to  elapse.  Note  should 
then  be  taken,  not  only  of  the  presence,  but  also  of  the  motility  of 
the  spermatozoa;  a  drop  of  the  semen  is  mixed  with  a  drop  of 
normal  (0.6-per-cent.)  saline  solution,  and  examined  at  once  with  the 
microscope. 
.  Bloody  semen  constituting  the  condition,  which  is  spoken  of  as 
hceniospennia,  has  been  observed  on  several  occasions.  It  may  fol- 
low excessive  sexual  indulgence,  but  may  also  occur  in  connection 
with  gonorrhoeal  epididymitis.  The  blood  is  readily  recognized 
upon  microscopic  examination. 

THE  RECOGNITION  OF  SEMEN  IN  STAINS. 

In  medico-legal  cases  the  physician  may  be  called  upon  to  decide 
whether  or  not  certain  stains  on  the  linen  are  caused  by  spermatic 
fluid,  whether  or  not  a  rape  has  been  committed,  etc.  In  such  cases 
it  is  frequently  only  necessary  to  examine  a  drop  of  the  vaginal  fluid 
in  order  to  arrive  at  a  positive  result  at  once.  At  other  times,  how- 
ever, recourse  must  be  had  to  the  following  method  :  A  fragment  of 
the  linen  or  scrapings  from  the  vulva  or  vagina  are  placed  in  a  watch- 
crvstal  and  allowed  to  soak  for  at  least  one  hour  in  from  27-  to  30- 
per-cent.  alcohol,  when  a  bit  of  the  material  is  teased  in  a  solution  of 
eosin  in  glycerine  (1  :  200),  and  examined.  The  heads  of  the  sper- 
matozoa are  thus  stained  a  deep  red,  while  the  tails,  which  are  often 
found  broken,  exhibit  a  pale  rose-tint,  and  can  readily  be  distin- 
guished from  vegetable  fibres,  which  do  not  take  up  the  stain  at  all. 
A  positive  statement  can  thus  be  made  in  every  case,  even  afl^r 
months  and  years,  as  the  spermatozoa  not  only  resist  the  action  of 
reagents,  but  also  the  process  of  putrefaction  ;  this  is  probably  OAving 
to  the  greater  proportion  of  mineral  matter  which  enters  into  their 
composition,  and  which  insures  the  preservation  of  their  form.  In- 
stances have  been  recorded  in  which  it  was  possible  to  demonstrate 
the  j)resence  of  spermatozoa  in  stains  after  eighteen  years. 

The  semen-test  which  has  been  recently  described  by  Florence  has 
already  attracted  much  attention,  and  may  be  recommended  in  doubt- 
ful cases.  It  is  based  upon  the  observation  that  very  characteristic 
crj'stals  of  iodospei'min  are  formed,  when  spermatic  fluid  is  treated 
with  a  solution  of  iodopotassic  iodide,  especially  rich  in  iodine.     The 
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reagent  is  cr»mpo<€<l  of  1. 65  grammes  of  pure  iodine  and  2.54  grammes 
of  p>tas&ium  ioilide,  dissolved  in  26  grammes  of  water.  WTien  i 
drr»p  of  this  solution  is  added  to  a  drop  of  spermatic  fluid  oru 
aqueous  extract  of  a  seminal  stain^  dark  brown  cr^'stals  of  iodosper- 
niin  separate  out  at  once  and  may  be  readily  recognized  under  the 
microscope.  They  occur  in  the  form  of  long  rhombic  platelets,  or 
fine  neeilles,  often  grouped  in  rosettes,  but  also  occurring  singly  or 
as  twin  cr\'stals.  The  examination  with  the  microscope  should  be 
made  at  once  after  the  addition  of  the  reagent,  as  the  crystals  graJih 
ally  di«<ipjK^r  on  standing. 

As  the  reaction  nuiy  also  be  obtained  in  cases  of  azoospermati^m, 
and  with  pure  prostatic  secretion,  while  i  negative  result  is  obtained 
with  the  fluid  from  spermatoceles,  it  is  manifest  that  the  test  is  not 
applicable  for  the  determination  of  the  presence  or  absence  of  sper- 
matozoa jHT  sr.  This  fact,  however,  would  rather  make  the  test 
more  valuable  than  otherwise. 

Posner  states  that  he  obtained  the  same  crystals  when  the  test  was 
applit^l  to  a  glycerin  extract  of  ovaries,  an  observation  which  cannot 
be  sur|>rising,  as  the  ovaries,  like  the  testes  and  prostatic  gland,  are 
rich  in  s[>ermin.  Negative  results  were  reached  with  putrefying 
semen. 


CHAPTER  XIL 
VAGINAL  DISCHARGES. 


GENERAL  CHiLRACTERISTICS. 

The  secretion  which  is  normally  furnished  by  the  vaginal  glands 
is  small  in  amount,  and  just  sufficient  to  keep  the  mucous  membrane 
moist.  It  is  a  clear  or  somewhat  milky-looking,  semi-liquid  ma- 
terial, in  which  numerous  epitlielial  laminse,  which  have  been  thrown 
off  during  the  normal  process  of  desquamation,  may  be  found.  It 
has  been  stated  that  the  reaction  of  the  vaginal  secretion  in  virgins  is 
invariably  acid,  while  an  alkaline  reaction  is  the  rule  in  the  d^flor^es. 
During  pregnancy,  however,  the  secretion  is  probably  always  acid. 
In  500  cases,  which  Kronig  examined  in  this  direction,  an  alkaline 
reaction  was  never  observed. 

Microscopically  numerous  epithelial  cells,  mucous  corpuscles,  a  few 
large,  mononuclear  leucocytes,  cellular  detritus,  and  bacteria  are 
found     (Fig.    129).      Doderlein    has    described   a   non-pathogenic 

Fig.  129. 


Vaginal  secrctioD  :    a.  Mucous  corpuscles ;  b,  Vaginal  epithelium  ;  e,  Epithelium  from  ruWa. 

bacillus  or  a  group  of  bacilli,  which  are  characterized  by  the  fact 
that  they  give  rise  to  marked  acid  fermentation  of  sugar,  and  he  re- 
gards these  organisms  as  the  only  ones  which  are  constantly  present 
in  the  normal  vagina.  Kronig  and  Menge,  however,  state  that  they 
are  often  absent.  They  have  found,  on  the  other  hand,  that  there 
are  various  bacilli  and  cocci  present  under  normal  conditions,  which 
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htVfiZ  T'tLt-  clir-r  ♦•f  •  4»ji£*i^"«r\-  anAvnJies  and  are  likewise  nim- 
paib- »j>»-Li;  :•.  Unf-nuniirly  iLt-y  Lavt-  d...i  deseribed  these  organ!  sOb 
in  drr:iJ!.  Nri^r  iLr-  ••uijri  tIjtv  fi.und  Ijaoteria  irhich  can  be  colli- 
vat^  'j;»  I.  i'^kAliD-  :a^r»l»k-  culnaiv  iiie<Iia.  but  \irhich   are  usuaUv 

It  i*  :iiaj«.naiii  !••  i>'i»:-  iliai  variou-  dijJiiicoeci  may  al:?o  be  found 
uDd*-r  rj'Tmiii  «>'Dd::i«»n*.  ai>l  tarv  f>b<.*uld  lie  taken  not  to  confound 
ihes-e  wi:L  ;r'»n*">"i>i.  Like  ihe  2*»n<.n.v»cfi  thev  are  decolorized  bv 
GrsonV  idtiIj'-L  If  iljt:  vari«:«us  characteristics  of  the  former  be 
borne  in  mind,  IjMWrver.  mi^Take=>  vslu  always  he  avoided.  In  mar- 
ried ft-Dial*-?.  and  in  i.-hildrvn  especially,  it  will  pn>bablv  alwavs  be 
best  t'>  make  tbv  diairn«»*is  •*!  gontiirhoea  only  when  the  gonococcus 
has  l««rn  i-s-i'laitJ  bv  cultivation. 

m 

The  *jU«.-?ti«»n,  whether  or  not  | tat h<:igenic  bacteria  mai/  occur  in  the 
normal  va;^ina  of  pre<rnant  or  n«>n-j»regnant  women,  niav  l>eansweml 
in  the  affirmative,  ah h«tuirh  it  must  Ix*  admitted  that  with  the  excep- 
tion of  I  lie  t^inrxix-cu>  tht-y  are  only  exceptionally  found.  The  va«n- 
nal  se<-n.'ti«»n  has  l»een  shown  lo  jkish:-s<  most  powerful  Ixictericidal 
properties,  hi  that  jtathojrenic  i»ivanisms,  even  if  they  are  artificiallv 
intnxlucx-il  into  the  vatrina,  are  rapidly  killed.  Kronig  thus  fouml 
that  after  their  artificial  intn  Juction  the  l>acillus  pyocyaneus  disap- 
jiears  fnim  the  va^nna  of  jiri^naut  women  in  from  ten  to  thirtv 
hours,  the  -tai>hvloc«H:^ri  in  fmm  six  to  thirtv-six  hours,  and  the 
:?tre]»torMHi'Us  pvii^t^ne*  within  six  hours.  Imjiortant  from  a  prac- 
tical standjNant  i-  thi-  fiict  that  the  iKicteria  disappeared  less  rapidiv 
when  irriiration  of  the  vagina  with  water  or  even  antiseptics  was 
empl'-y'-*!. 

Of  aiiiinal  ]«:tra-iii^  ilir  ^■•/••/"///("/^'^^'  vnf^^lnnlis  is  apparentlv  the 
onlv  <»in'  wljirli  iiKiv  !»«•  «iM'«»iint<;nnl  in  the  vairinal  dischanre.  The 
or'^ani-iii  i-  i<l«ntit:tl  with  tIr- trichomonas  found  in  the  ftx'es  and 
the  iiriin'.  In  tlii-  muntrv  it  i-  rart-lv  ohM-rved,  while  it  is  ilei^idedlv 
coniinon  aiinniL^  tli<j  j»«a<ant  jn.pulation  of  (.Vntral  Euroj>e.  As  far 
as  i-?  known  tin*  orL'Mni-ni  i- of  no  patholuiric  si«:nificanco,  and  inav 
occur  Koili  lunhr  normal  an<l  patholoiri,.  ^.onilitions.  From  a  medico- 
lethal  .-tan<l|»oint.  however,  its  jjrfst'nri.'  may  not  he  nnimjx>rtant,  as 
c;a.s(rs  are  on  ren»nl  in  wliirh  trichonionades  have  been  confoimdiKl 
witii  >iMrniato/(»a.  Sn<'li  a  mistake,  in  mv  iu<l^ment,  can  onlv  occur, 
however,  if  the  oK-crvir  i^  entirely  willi<nit  microscopic  tnuninji:. 
In  doiihtfiil  ea-«>  tlie  te.-t  of  Florence  may  be  advantageoiislv  em- 
j)I()ye<l  (see  p.   'rll ). 

VAGINAL   BLENNORRHCEA. 

In  ])liysiolo;j:i<'  c-onditions  an  inereaseil  vaginal  secretion  is  observeil 
during  sexual  excitement,  especially  during  coitus,  just  preceding  and 
at  the  beginning  of  the  process  of  menstruation  and  during  pre<T- 
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nancy,  when  a  profuse  blennorrhoea  is  frequently  seen,  which  often 
assumes  a  virulent  character.  The  secretion  under  such  conditions 
readily  becomes  purulent.  When  not  dependent  upon  a  gonorrhoea! 
infection  the  secretion  is  thicker  than  normal,  white  and  creamy.  At 
times  also  the  vaginal  catarrh  observed  in  pregnancy  is  complicated 
with  mycosis,  when  white  or  yellowish-gray  patches  may  be  seen  at 
the  orifice  of  the  vagina ;  the  latter  may,  indeed,  even  be  filled  with 
particles  which  consist  entirely  of  fungi. 

MENSTRUATION. 

At  the  beginning  of  menstruation,  as  has  been  pointed  out  above, 
an  increase  in  tlie  amount  of  vaginal  secretion  is  observed,  in  which 
leucocytes,  prismatic  epithelial  cells  coming  from  the  uterus,  as  well 
as  the  usual  vaginal  cells,  may  be  seen  upon  microscopic  examination. 
Later  the  secretion  becomes  sanguineous  in  character,  and  finally  only 
epithelial  cells,  leucocytes,  and  granular  detritus  are  encountered,  the 
cells  usually  showing  evidence  of  fatty  degeneration.  The  amount 
of  blood  lost  at  each  menstrual  j^eriod  amounts  to  about  200  grammes, 
in  perfectly  healthy  females. 

THE   LOCHIA. 

The  lochia  during  the  first  day  following  parturition  are  red  in 
color,  the  lochia  rubra,  and  emit  the  characteristic  sanguineous  odor. 
At  this  time  a  microscopic  examination  will  reveal  an  abundance  of 
red  corpuscles,  some  leucocytes,  and  a  variable  number  of  epithelial 
cells,  which  are  almost  exclusively  of  vaginal  origin.  On  the  second 
and  third  days  the  number  of  red  corpuscles  diminishes  while  the 
leucocytes  increase  in  number.  Still  later  the  diminution  in  the  red 
and  the  increase  in  the  white  corpuscles  becomes  more  marked,  and 
the  discharge  at  the  same  time  assumes  a  grayish  or  white  color,  until 
about  the  tenth  day  the  red  corpuscles  have  almost  entirely  disap- 
peared, while  the  leucocytes  and  epithelial  cells  are  quite  abundant. 
Finally,  the  secretion  becomes  thicker,  mucoid,  and  milky-white  in 
color — the  lochia  alba,  which  condition  may  persist  for  from  three  to 
four  weeks  in  nursing- women,  and  still  longer  in  those  who  do  not 
nurse,  until  at  last  the  normal  secretion  is  again  established.  Numer- 
ous bacteria  are  encountered  in  the  lochia,  and  it  is  curious  to  note  that 
among  these  pus-organisms  are  quite  constantly  present,  without 
giving  rise  to  any  symptoms.  When  a  portion  of  the  placenta  or 
membranes  have  been  retained  the  lochia  soon  give  off  a  fetid  odor, 
and  assume  a  dirty  brownish  color ;  the  retention  of  blood  clots  alone 
may  also  produce  this  result.  In  such  cases  the  lochia  swarm  with 
bacteria  of  all  kinds. 
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VULVITIS   AND   VAGINITIS. 

In  cases  of  vulvitis  and  vaginitis  a  marked  increase  i8~ observed 
in  the  number  uf  the  teucocytes  and  epithelial  cells,  the  character  of 
the  latter  deijending;,  of  course,  essentially  upon  the  portion  of  the 
genital  tract  affected.  Red  corpuscles  are  also  met  with  at  times ; 
their  number  generally  stands  in  a  direct  relation  to  the  intensity  of 
the  iuflummutory  process.  In  some  instances  epithelial  casts  of 
the  entire  vagina  have  been  obscr\'ed,  constituting  the  condition 
which  has  been  termed  rag'tnUU  exfoliatita.  The  disease,  however, 
is  verj-  rare. 

The  dischai^  of  large  amounts  of  pure  pus  through  the'vagina 
points  to  perforation  of  an  abscess  of  the  genital  organs  or  of  the 
neighboring  structures  into  the  uterus  or  the  vagina,  but  is  of  rare 
occurrence.  Much  more  common  is  the  dischaige  of  fecal  matter  or 
of  urine  through  this  channel,  indicating  the  existence  of  a  vagino- 
rectal  or  vagino-vcsical  fii^tula. 


MEMBRANOUS   DYSMENORRHCEA. 

While  ordinarily,  during  nicnstniiitioii,  shreds  of  dcsquaniHted 
uterine  lining  are  frequcully  encountered,  it  is  rare  to  meet  with 
lai^'  j)ieci;s  nr  complete  casls  of  tlie  utcnis,  tlic  elimination  of  which 
is  usually  nrjsocintod  witli  the  syiiiptumfi  uf  a  severe  dysmeuorrlnca, 
constituting  tlie  condition  generiilly  :-pi>heu  of  as  mcmh)fi}\ou»  th/n- 
mciiofrh<en. 


MEMBRANOUS  DYSMESORRH(EA. 


Chorion  rlllL 
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CANCER. 

While  the  diagnosis  of  malignant  growth  of  the  uterus  is  probabl? 
never  based  upon  a  microscopic  examination  of  the  vaginal  discharge 
only,  it  may  be  mentioned  that  in  advanced  cases  this  is  possible,  83 
fragments  of  an  epithelioma  of  the  cervix,  for  example,  may  fre- 
quently be  detected  upon  microscopic  examination  (Fig.  130).  Id 
suspected  cases  small  pieces  of  tissue  should  be  removed  and  ex- 
amined according  to  the  usual  histologic  methods. 

OONORRHSA. 

In  suspected  cases  of  gonorrhoea  an  examination  of  the  vaginal 
and  urethral  discharge  for  the  presence  of  gonococci,  is  most  impor- 
tant as  it  is  practically  impossible  to  diagnose  this  condition  posi- 
tively in  any  other  manner.  Care  should  be  taken,  however,  not  to 
confound  the  diplococci,  which  may  be  normally  present  in  the  urethra 
and  vagina,  with  gonococci  (see  chapter  on  Urine). 

ABORTION. 

In  cases  of  alx)rtion  it  is  often  possible  to  discover  chorion  villi  in 
the  exj)elled  blood-clots  which  present  the  characteristic  capillary  net- 
work (Fig.  I'il),  and  often  manifest  signs  of  advanced  fatty  degener- 
ation. Important  also  from  a  diagnostic  point  of  view  is  the  pres- 
ence of  decidual  celh  (Fig.  132),  which  are  characterized  by  their 
large  size,  their  round,  |K)lygonal,  or  spindle-like  form,  and  their 
characteristic  nuclei  and  nucleoli. 


CHAPTER  X  III. 


THE  SECRETION  OF  THE  MAMMARY  GLANDS. 


THE  SECRETION  OF  MILK  IN  THE  NEWLT  BORN. 

A  SECRETION  from  the  mammary  glands  of  the  male  is  only  ob- 
served in  the  newly  born,  if  we  except  those  very  rare  eases  where 
adult  males  were  known  to  suckle  infants.  The  fluid  in  question, 
which  may  also  be  obtained  from  the  female  infant,  is  termed 
^*  Hexenmilch ''  (witches'  milk)  by  the  Germans.  Qualitatively  it 
has  the  same  composition  as  milk,  but  may  manifest  considerable 
quantitative  variations. 

COLOSTRUM. 

Aside  from  those  curious  instances  in  which  a  secretion  of  milk 
has  been  observed  in  non-pregnant  women,  mammary  activity  is  es- 
sentially connected  with  the  physiologic  phenomena  of  pregnancy 
and  parturition.  Often  as  early  as  the  third  month  a  small  drop  of 
a  serous-looking  fluid  can  be  obtained  from  the  nipple  by  pressure 
upon  the  breasts.  Immediately  after  birth  a  variable  amount  of  fluid 
is  secreted,  which  is  watery,  semi-opaque,  mucilaginous,  and  of  a 
yellowish  color.  To  this  secretion,  as  well  as  to  that  observed  dur- 
ing pregnancy,  the  term  colostrum  has  been  applied.  It  is  distin- 
guished from  true  milk  by  its  physical  characteristics,  and  by  the 
presence  of  a  greater  proportion  of  sugar  and  salts.  The  fluid,  more- 
over, is  coagulated  upon  boiling.  An  idea  may  be  formed  of  its 
chemical  composition  from  the  appended  tables  : 


Water 

Solids 

Casein 

Albumin 

Fat    . 

l4u;tose 

Salts. 


4  weeks  before  birth. 


945.2 
54.8 

28.8 
7.3 

17.3 
4.4 


852.0 
148.0 

69.0 

41.3 

39.5 

4.4 


17  days  be- 
fore birth. 

9  days  be- 
fore birth. 

858.8 

24  hours 
after  birth. 

851.7 

813.0 

148.3 

141.2 

157.0 

74.8 

80.7 

30.2 

23.5 

43.7 

36.4 

4.5 

5.4 

5.1 

2  days 
after  birth. 


867.9 

132.1 

21.8 

48.6 
61.0 


Upon  microscopic  examination  minute  fat-droplets,  a  few  leuco- 
cytes,   some   epithelial  cells,  and  so-called  colostrum-corpuscles  are 
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fuiiod.     T)ie  latter   are  highly  refractive  bodies   of  irregular  size, 
whusc  interior  is  tilled  with  fattv  granules  (Fig.  133). 

THE  SECRETION  OF  BULK  PROPER,  IN  THE  ADUIT 
FEUALE. 

The  secretion  of  milk  proper  usually  begins  about  the  third  day 
following  parturition,  and  may  continue  for  a  variable  length  of  time. 
On  the  nue  hand,  the  amount  of  milk  secreted  may  be  so  small  as  ia 
be  insufficient  for  the  want^  of  the  child,  so  that  lactation  may  have 
to  cease  after  several  days.     On  the  other  hand,  women  are  not  in- 


^S^^ 

ol 

Ig 
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o°-o^ 
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h    UIODtb 

of  prcg 

»ocy.    (Eye-piec  III 

frequently  seen  who  nurse  their  children  for  two  years  and  even 
longer.  Usually,  however,  infants  are  nursed  until  six  or  seven 
teeth  have  appeared,  which  period  varies  with  the  individual  child, 
averaging  about  the  eleventh  month. 

HUMAN    MILE. 

■,  and  differs  in  this  respect  from 
alkaline.  The  si>ecific  gravitv 
,  i.iie  between  1.028  and  1.0.3-1 
mntiifniilk  secreted  in  twenty- 
,.JOI)  e.e.  Microscopically  it  is  a 
fiiiriy  lioiiiojrencixi.-;  emulsion  i>f  fat,  anil  practically  destitute  of  cel- 
liiljir  clonicuts.  p'rom  the  fulliiwiii^  table  an  idea  may  be  formed  of 
its  oiiciiiical  ci>ni|ni:<itii>ii  : 


Hnniun  milk 

s  of  a 

ihiish  color, 

the  milk  of  co« 

^.     Its 

read  inn    is 

may  vary  betM-e 

■n  1.0-2 

>  aiKi  l.O.-J.-. 

beiiifi  the  nnwt 

com  mm 

.      Tiie  amo 

tiiiir  bonrs  varit 

s  fi-oTn 

oOO  to    l,.j 
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Upon  comparing  this  table  with  the  following  analysis  of  cow's 
milk,  it  wuU  be  seen  that  the  latter  <}ontains  more  albumin  and  less 
sugar  than  human  milk.  Human  milk,  moreover,  is  relatively  de- 
ficient in  mineral  matter  and  especially  in  calcium  salts  and  phosphoric 
acid  : 

Water 874.2 

Solids 125.8 

Casein 28.8  lo^c 

Albumin 5.3  l'**'^ 

Fat 36.6 

Lactose 48.1 

Salts 7.1 

The  albumins  found  in  milk-plasma  are  casein,  lacto-globulin,  and 
lactalbumin.  It  is  claimed  by  numerous  observers  that  the  casein 
of  human  milk  differs  from  that  obtained  from  cow's  milk.  The 
casein-coagula  in  human  milk  are  not  so  large  and  dense  as  those 
observed  in  cow's  milk.  Human  casein,  moreover,  is  not  so  readily 
precipitated  by  acids  and  salts ;  it  does  not  always  coagulate  upon 
the  addition  of  rennet  ferment,  and  while  it  can  be  precipitated  by 
the  gastric  juice  it  is  readily  dissolved  by  an  excess.  Although  ac- 
curate analyses  of  human  casein  are  not  available,  it  is  probable  that 
the  two  forms  are  not  identical  (Hammarsten). 

The  question  whether  or  not  normal  human  milk  contains  micro- 
organisms may  now  be  answered  in  the  affirmative.  There  can  be 
no  doubt,  however,  that  the  milk,  as  it  is  secreted  by  the  healthy 
gland,  is  sterile,  but  upon  passing  along  the  lacteal  ducts  in  the  nipple 
it  is  always  contaminated  by  the  staphylococcus  epidermidis  albus 
(Welch).  This  micro-organism  must  be  regarded  as  a  constant  in- 
habitant of  the  skin,  and  is  the  only  one  of  the  cutaneous  bacteria 
which  regularly  penetrates  into  the  deeper  layers  of  the  epidermis 
and  into  the  glandular  appendages  of  the  skin.  It  is  thus  at  once 
apparent  why  this  organism  is  so  constantly  met  with,  and  practically 
the  only  one  that  is  found  in  normal  human  milk.  Exceptionally 
only  the  staphylococcus  pyogenes  aureus  is  found. 

THE  MILK  IN  DISEASE. 

The  chemistry  of  the  milk  in  pathologic  conditions  has  received 
but  little  attention.  It  appears,  however,  that  the  milk  of  women, 
while  ill,  usually  contains  less  fat,  and  that  the  proportion  of  lactose 
is  diminished.  In  cases  of  jaundice  the  presence  of  bile-pigment 
and  of  biliary  acids  has  not  as  yet  been  satisfactorily  demonstrated. 
In  cases  of  mammary  tumors  bloody  secretion  has  been  observed  in 
rare  cases,  the  nipple  itself  being  intact. 

Microscopically  an  admixture  of  leucocytes  is  observed  in  various 
disea.ses  of  the  breast,  and  especially  in  cases  of  abscess.     Of  patho- 
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Fig.  134. 


genie  miero-organLsms  streptoeoeet  may  be  found  in  cases  of  pner- 
peral    fever ;    more   eommonly,    however,    they    are    absent.     The 

typhoid  bacillus  has  been  occasionally  seen  in 
ca'«es  of  typhoid  fever,  and  it  is  interesting  to 
note  that  the  specific  agglutinins  of  typhoid  fever 
have  lK?en  noted  in  the  milk.  Pneumooocci  have 
been  obtained  from  the  milk  of  pregnant  women 
affected  with  lobar  pneumonia.  The  important 
question  whether  or  not  tubercle  bacilli  are  eh'mi- 
nated  through  the  milk  in  cases  of  phthisis  can- 
not \ye  definitely  answered.  In  co^vs  such  an 
occurrence  is  certainly  quite  common,  even  when 
there  is  no  demonstrable  tuberculosis  of  the  udder. 
So  far  as  I  have  been  able  to  ascertain  they  have 
never  been  found  in  human  milk. 

A  blue  and  red  color  has  at  times  been  observed 
in  the  milk  of  cows,  owing  to  the  presence  of  the 
bacillus  pyocyaneus  aud  the  micrococcus  prodi- 
giosu.s,  res{)ectively. 

A  chemical  examination  of  the  mother^s  milk 

is  often  of  the  greatest  importance,  and  should 

always  be  made  whenever  it  is  apparent  that  the 

.   -  nutrition  of  the  baby  is   below  normal.      Most 

y    1|k  valuable  dietetic  suggestions    may  thus    be   ob- 

f         ^  ^\        tiiined.     In  other  cases,  as  when  the  mother  is 

"  *         unwilling  or  unable  to  nurse  her  child  beyond  a 

certain  |>erio(l,  a  knowledge  of  the  composition  of 
h(T  milk  will  enable  the  physician  to  give  s|x?cific 
instructions  regarding  the  proper  modification  of 
cow's  milk.  If  a  wet-nurse  is  to  be  employed, 
her  milk  should  likewise  be  examineil. 

Most  important  is  the  determination  of  the 
s]>ecific  gravity  and  of  the  amount  of  fat.  The 
former  mav  varv  Ix^tween  1.029  and  1.033.  The 
amount  of  fat  should  not  be  less  than  3  per  cent. 


H  kJlk 


Determination  of  the  Specific  Gravity. 


The  specific  gravity   is  best   determined   with 

the  lactodensimeter  of  Quevenne  (Fig.  134).     As 

the  instrument  is  graduated  for  a  temperature  of 

60^  F.,  it  is  necessary  to  correct  the  specific  gniv- 

ity,  whenever  the  tcm])eratnre  rises  above  or  falls 

below  this  point.    Tn  the  following  tables  the  corrected  si>ocific  gravity 

may  be  found  corresponding  to  tem|XM'atures  ranging  from  46^  to 

75* 


(^ju'voime's  lactfulen- 
j-iiiicter. 
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Corrections  for  Temperature. 


Specific 

gravity. 

46 

47 

1020 

19.0 

19.1 

1021 

20.0 

20.0 

1022 

21.0 

21.0 

102:? 

'22.0 

■22.0 

1024 

22.9 

23.0 

1025 

23.9 

24.0 

1026 

24.9 

24.9 

1027 

25.9 

25.9 

1028 

26.8 

26.8 

1029 

27.8 

27.8 

1080 

28.7 

28.7 

1031 

29.6 

29.6 

1032 

30.5 

30.5 

1033 

31.4 

31.4 

loai 

32.3 

32.3 

1035 

33.1 

33.2 

D^rees  of  thermometer  (Fahrenheit). 


48 


19.1 
20.1 
21.1 
22.1 
23.1 
IM.O 
25.0 
26.0 
26.9 
27.9 
28.8 
29.7 
30.6 
31.5 
32.4 
33.4 


49 

50 

51 

52 

53 

19.2 

19.2 

19.3 

19.4 

19.4 

20.2 

20.2 

•20.3 

20.3 

20.4 

21.2 

21.2 

21.3 

21.3 

21.4 

22.2 

22.2 

22.3 

•22.3 

22.4 

23.2 

23.2 

23.3 

23.3 

23.4 

24.1 

24.1 

24.2 

tM.3 

24.4 

25.1 

25.1 

25.2 

25.2 

25.3 

26.1 

26.1 

26.2 

26.2 

26.3 

27.0 

27.0 

27.1 

27.2 

27.3 

28.0 

28.0 

28.1 

•28.2 

28.3 

28.9 

29.0 

29.1 

•29.1 

29.2 

29.8 

29.9 

30.0 

30.1 

30.2 

30.7 

30.9 

31.0 

31.1 

31.2 

31.6 

31.8 

31.9 

32.0 

32.1 

32.5 

32.7 

32.9 

33.0 

33.r 

33.5 

33.6 

3:^.8 

33.9 

34.0 
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19.5 
20.5 
21.5 
22.5 
23.5 
24.5 
25.4 
26.4 
27.4 
28.4 
29.4 
30.3 
31.3 
S2.3 
33.2 

ai.2 
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19.6 
20.6 
21.6 
22.6 
23.6 
24.6 
25.5 
26.5 
27.5 
28.5 
29.4 
30.4 
31.4 
3-2.4 
33.3 
34.3 


Specific 

Degrees  of  thermometer  (Fahrenheit). 

gravity. 

1 

56 

.       57 

58 

59 

60 

61 

1        62 

1       ^ 

« 

65 

1020 

19.7 

19.8 

19.9 

19.9 

2D.0 

20.1 

20.2 

20.2 

20.3 

20.4 

1021 

20.7 

20.8 

20.9 

20.9 

21.0 

•21.1 

21.2 

21.3 

21.4 

21.5 

1022 

21.7 

21.8 

•21.9 

21.9 

22.0 

22.1 

22.2 

22.3 

22.4 

22.5 

1023 

•22.7 

•22.8 

2-2.8 

22.9 

23.0 

23.1 

•23.2 

23.3 

23.4 

23.5 

1024      1 

2:J.R 

•23.7 

28.8 

23.9 

24.0 

•24.1 

24.2 

24.3 

24.4 

24.5 

1025 

•24.6 

'M.7 

24.8 

24.9 

25.0 

25.1 

25.2 

25.3 

25.4 

25.5 

1026 

'25.6 

•25.7 

25.8 

25.9 

26.0 

•26.1 

26.2 

26.3 

26.5 

26.6 

1027 

26.6 

•26.7 

•26.6 

26.9 

27.0 

27.1 

27.3 

27.4 

27.5 

27.6 

1028 

•27.6 

27.7 

27.8 

27.9 

28.0 

•28.1 

28.3 

28.4 

28.5 

28.6 

1029      1 

■28.6 

1    28.7 

28.8 

28.9 

29.0 

29.1 

•29.3 

29.4 

29.5 

29.6 

1030 

•29.6 

•29.7 

•29.8 

29.9 

30.0 

30.1 

30.3 

30.4 

30.5 

80.7 

lan 

30.5 

30.6 

30.8 

30.9 

31.0 

31.2 

31.3 

31.4 

81.5 

31.7 

1032 

31.5 

31.6 

31.7 

31.9 

32.0 

32.2 

32.3 

32.5 

82.6 

32.7 

1033 

32.5 

3-2.6 

32.7 

32.9 

33.0 

33.2 

33.3 

33.5 

83.6 

88.8 

1034 

33.5 

1     33.6 

3:^.7 

33.9 

34.0 

34.2 

34.3 

34.5 

ai.6 

34.8 

1035 

34.5 

34.6 

34.7 

34.9 

35.0 

35.2 

35.3 

35.5 

35.6         85.8 

Specific 

Degrees  of  thermometer  (Fahrenheit). 

gravity. 

66 
20.5 

67 

68 
20.7 

69 
20.0 

70 

71 
21.1 

72 
21.2 

73 
21.3 

74 
21.5 

75 

1020 

20.6 

21.0 

21.6 

1021 

•21.6 

21.7 

21.8 

22.0 

22.1 

22.2 

22.3 

22.4 

22.5 

22.6 

10-22 

22.6 

22.7 

22.8 

23.0 

23.1 

23.2 

23.3 

23.4 

23.5 

23.7 

102:i 

•23.6 

23.7 

23.8 

IM.O 

24.1 

24.2 

24.3 

24.4 

24.6 

24.7 

10l^4 

24.6 

•24.7 

24.9 

25.0 

25.1 

25.2 

25.3 

25.5 

25.6 

25.7 

10-25 

25.6 

25.7 

25.9 

26.0 

26.1 

26.2 

26.4 

26.5 

26.6 

26.8 

1026 

26.7 

•26.8 

27.0 

27.1         27.2 

27.3 

27.4 

27.5 

27.7 

27.8 

1027 

27.7 

27.8 

28.0 

28.1         28.2 

28.3 

•28.4 

28.6 

28.7 

28.9 

1028 

28.7 

28.8 

•29.0 

29.1 

29.2 

29.4 

29.5 

29.7 

29.8 

29.9 

1029 

29.8 

29.9 

30.1 

30.2 

30.3 

30.4 

30.5          30.7 

30.9 

31.0 

1030 

30.8 

30.9 

31.1 

31.2 

31.3 

31.5 

31.6 

31.8 

31.9 

82,1 

1031 

31.8 

3^2.0 

32.2 

32.2          32.4 

32.5 

32.6 

32.8 

33.0 

83.1 

1032 

32.9 

33.0 

33.2 

33.3         33.4 

33.6 

33.7 

33.9 

84.0 

34.2 

1083 

a3.9 

34.0 

84.2 

34.3     I    34.5     . 

34.6 

34.7          34.9 

35.1 

35.8 

loai 

.-u.g 

35.0 

35.2 

85.3     1    &5.5 

35.6 

&5.8          36.0 

36.1 

36.3 

1035 

35.9 

36.1 

36.2 

36.4     :    36.5 

36.7     1 

36.8 

37.0 

37.2 

37.3 

MO 
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The  Kslhiuttimi  of  Fat 

The  e&dmation  of  the  £it  is  most  oonvenientlv  made  bv  means  of 

m  m 

the  lactotscope  of  Feser,  ^hown  in  Fig.  135.     Milk  is  drawn  into 

Fig.  135. 


Fc'>or's  lactoscijpe. 

the  pipottc  up  to  the  mark  M,  when  it  is  eraptied  into  the  cylinder 
C.  The  ])ipette  is  then  rinstMl  with  water  and  the  wasliin^s  are  added 
to  the  milk.  While  shakin*::,  water  is  added,  until  the  bhiek  linos 
upon  the  milk-colored  glass  plug  A  can  just  be  discerned.  The  fig- 
ure upon  the  right  of  the  scale  which  is  reached  by  the  mixture  will 
at  once  indicate  the  percentage-amount  of  fat,  while  the  number  U|Xin 
the  left  indicates  the  amount  of  water  in  c.c.  that  has  been  addcxl. 


Estimation  of  the  Proteids. 

Woodward's  Method. — Two  ^^milk-burettes''  (see  Fig.  136), 
each  containing  o  c.c.  of  milk,  are  kept  at  a  temperature  of  from  37^- 
40°  C,  for  from  18-24  hours.     At  the  end  of  this  time  the   milk 
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has  separated  into  two  layers,  viz,  an  upper  layer  of  viscid,  yellow 
fat,  and  a  lower  layer  of  fluid  milk,  which  is  quite  opaque  above, 
and  almost  translucent  below.  Clinging  to  the  sides  of  the  tube  and 
especially  at  the  bottom,  a  granular  precipitate  will  be  seen.  The 
burettes  are  then  cooled,  when  the  milk-serum  is  withdrawn  into  two 


Fig.  136. 


Milk  burette. 


tul)€S  graduated  to  1 5  c.c,  and  treated  with  Esbach's  reagent  to  the 
lo  c.c.  mark.  The  mixture  in  each  tube  is  thoroughly  stirred  with 
a  glass  rod  and  then  centrifugated  to  a  constant  reading. 

Woodward  has  checked  his  analysis  by  Kjeldahl's  method  and  has 
obtained  quite  satisfactory  results. 
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ABORTION,  vaginal  discharge  in,  534  '  Agglutinins,  104 
Abscess  of  the  liver  with  perforation  |  a-granulations  of  Ehrlich,  68 

into  the  lung,  272  Albumin,  aceto-soluble,  383,  394 

pulmonary,  272  in  the  feces,  241 

Absorption,  rate  of,  in  the  stomach,  189  gastric  contents,  162 

Acetic  acid,  176,  203  urine,  372 


fermentation,  176 
tests  for,  177,  203 
Acetona'mia,  54 
Acetone  in  the  blood,  54 

in  the  ^tric  contents,  180 
urine,  448 

quantitative  estimation  of,  450 

tests  for,  449 
Acetonuria,  54,  448 

Acetylene-poisoning,  blood  changes  in,  40 
Acholic  stools,  208 
Achroodextrin,  123,  165 
Acid,  acetic,  176,  203 

benzoic,  363 

butyric,  176,  204 

capric,  203 

caproic,  203 

carbolic,  201,  440,  446 

diacetic,  452 

diazo-benzene-sulphonic,  443 

formic,  203 

glycuronic,  424 

hippuric,  361 

homogentisinic,  441 

hydrochloric,  139 

isobutvric,  203 

lactic,*  168,  453 

oleic,  203 

oxalic,  369 

oxaluric,  369 

oxvbutvric,  453 

paimitic,  203 

phosphoric,  304 

picric,  395 

propionic,  204 

stearic,  203 

succinic,  518 

sulphuric,  303 

tauro-cabaminic,  319 

uric,  345 

uroleucinic,  441 

valerianic,  203 


quantitative  estimation  of,  395 
special  tests  for  serum-albumin,  394 

for  serum-globulin,  397 
tests  for,  388 

boiling,  391 

nitric  acid,  388 

picric  acid,  394 

potassium  ferrocyanide,  392 

Spiegler's,  394 

trichloracetic  acid,  393 
Albuminimeter,  Esbach's,  395 
Albuminuria,  372 
accidental,  382 
colliquative,  378 
cyclic,  373 
l>a  Costa's,  373 
digestive,  381 
febrile,  376 
functional,  373,  380 
hsematogenous,  375,  380 
in  organic  diseases  of  the  kidneys,  375 
intermittent,  373 
mixed,  382,  384 
neurotic,  381 
physiologic,  372 
postural,  373 

referable  to  circulatory  disturbances, 
379 

to  impeded  outflow  of  urine,  379 
renal,  375,  382 
toxic,  380 
transitory,  373 
Albumoses  in  the  blood,  46 
in  the  gastric  contents,  163 

urine,  383 
tests  for,  166,  398 
Albumosuria,  383 
Alkaline  stools,  199,  208 

urine,  289 
Alkalinity  of  the  blood,  21 
distribution  of,  90 
estimation  of,  23 


Acids,  organic,  in  the  gastric  contents,  177  I  Alkapton  in  the  urine,  441 
Actinomyces  horainis,  268  Alkaptonuria,  441 


Actinomycosis,  128,  268,  504 
Adenin  in  the  urine,  346,  359 


Alloxur  bases  in  the  urine,  316 
estimation  of,  360 
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Alms's  Bolotioo,  400,  410 
AlverjUr  epitbeliam,  25i9 
Amido  acidS)  322 
Ammonia  in  the  Uood,  50 

gaslric  oontenta,  179 
Ammoniacal  fermentation,  290 
Ammonijemia,  50 
Ammonio-magnestom     phosphate,     290, 

4«7,  477 
Ammonium  orate,  476 
Am^irba  ooli,  217,  261 
Amtkhae  in  the  arine,  505 
Amarbic  colitis,  244 
Anyirbinae  in  feces,  217 
AmorphoQS  hjematoidin,  42,  269,  475 
Amphistomam  hominis,  221 
Amphopeptone,  163 
Amphoteric  urine,  289 
Amvloid  or>rpa6cle8  in  the  semen,  526 
Anaehlorhydria,  147 
AnaciditT,  hjsterical,  147 
Ansrmia,  albuminaria  in,  375,  380 
Anifmic  degeneration,  59 
Anchyloetomiasis,  216,  232 
Anchylostomam  duodenale,  232 
Angaillula  intestinalis,  234 

stercoralis,  234 
An^illuliasis,  216,  2M 
Aniiin  dyes,  classification  of«  65 

water,  gentian- violet,  130 
Animal  gam  in  the  urine,  424 

parasites  in  the  blood,  100 
in  the  feces,  216 
sputum,  261 
urine,  505 
Annelid«j,  231 
Anthomyia,  217 
Anthracrjsis  of  the  lung,  275 
Anthnix,  Ijjicilliis  of,  107 
Arginin,  l*).'^,  321 
Arnold's  test,  for  acetone,  452 
Aronwhn-Philips'  stain,  89 
A.scaride«  in  the  feces,  231 

in  the  urine,  505 
A.Hcaris  lumbricoides,  231 

muritima,  232 

rnystax,  231 
Asiatic  cholera,  bacillus  of,  235 

feces  in,  245 
Asthma,  bronchial,  Charcot-Leyden  crys- 
tals in,  272 
Azo<isi>erniatism,  520 


B 


ACILLI  of  Booker,  239 
JJacillus  butyricas,  198 
coli  communis,  239 
lactis  acrogenes,  239 
of  anthrax,  107 

diolera  Asiatica,  235 
diplitlieria,  129 
Finkler  and  Prior,  236 
glanders,  108 


Bacillos  of  iniSoenza,  108,  367 
leprosr,  364 
LeSa^239 
ijppler  and  Book,  1S5 
smegma,  264 

tubavnkxis,    methods   <^  stain- 
ing, 365 
in  the  blood,  107 
feces,  239 

meningeal  flaid,  533 
milk,  538 
month,  128 
nasal  dischaiige,  247 
sputum,  262 
urine,  502 
typhoid  fever,  in  the  blood,  KK* 
feces,  237 
urine,  501 
vellow  fever,  110 
whooping-coogh,  267 
pyocyaneus,  ^0 
Bacteria  in  the  blood,  100 
exudates,  514 
feces,  197,  235 
gastric  contents,  185 
mUk,538 
mouth,  124 
nasal  secretion,  247 
pus,  514 
sputum,  262 
urine,  500 
vagina,  529 
Bacterial    decomposition   of    the    urine, 

290 
Bacteriuria,  500 

idiopathic,  504 
Bacterium  lactis  aerogenes,  239 
Balantidium  coli,  22:^ 
Bang's  test  for  albumoses,  399 

urobilin,  400 
Barfoed's  reagent,  108 
Basic  aniiin  dyes,  05 
double  stain,  88 

phosphate  of  magnesium,  468,  470 
Basophilic  leucocytes  in  the  blood,  09 

in  the  sputum,  258 
Baumann  and  v.   Udranszky's  method  of 

isolating  diamins,  459 
Benzoic  acid  in  the  urine,  303 
Benzopurpurin-test  for  hydrochloric  acid, 

150 
Bile-pigment  in  the  blood,  53 
in  the  feces,  241 

gastric  contents,  183 
urine,  435 
tests  for,  437 

Gmelin's,  437 
Huppert's,  437 
Rosen  bach's,  437 
Smith's,  437 
Bilharzia  h^matobia,  121 
Biliary  acids  in  the  blood,  53 
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Biliary  acids  in  the  feces,  205 

in  the  urine,  437 

tests  for,  206 
concretions,  212 

analysis  of,  213 
Bilirubin,  53,  435,  475 
Biuret  test,  330 
Blood,  17 

acetone  in,  54 
albumins  in,  25,  45 
alkalinity  of,  21 
ammonia  in,  50 
bacteriology  of,  100 
biliary  constituents  in,  53 
carboiiydrates  in,  46 
cellulose  in,  49 
chemical  examination  of,  24 
coagulation  of,  25 
color  of,  17 
color-index,  33 
-corpuscles,  red,  17,  55 

degeneration  of,  59,  61 

drying  and  staining  of,  83 

enumeration  of,  92 
-crisis,  62 
fat  in,  27,  52 
fatty  acids  in,  52 
fibrin  in,  25,  45 
gases  in,  27 
general  characteristics  of,  17 

chemistry  of,  25 
glycogen  in,  48 
hferaokonia  of,  92 
in  the  feces,  208,  215 

gastric  contents,  183 

sputum,  251,  258 

urine,  :«6,  485 
-iron,  34 
lactic  acid  in,  53 
leucocytes  of,  63 
medico-le^l  test  for,  41 
microscopic  examination  of,  55 
nucleated  corpuscles  in,  61 
odor  of,  18 
parasites  in,  100 
parasitology  of,  100 
peptone  in,  46 
pigments  of,  28 
-plasma,  17,  24 
-plates,  91 
proteids  in,  45 
protozoa  in,  110 
reaction  of,  20 
-serum,  24,  26 
-shadows,  486 
solids  of,  20 
specific  gravity  of,  18 
sugar  in,  27 
testts  for,  41,  183 

guaincum,  401 

Heller's,  401 

Korczynski  and  Jaworski's, 
35 


209 


Blood,  Muller  and  Weber's,  183 

urea  in,  49 

uric  acid  in,  50 

variations  in  form  of  corpuscles,  61 
in  number  of,  56 
in  size  of,  55 

white  (see  Leucocytes),  63 

xanthin  bases  in,  52 
Boas'  bulbed  stomach  tube,  135 

method  for  estimating  lactic  acid  173 

test  for  lactic  acid,  172 
Boas-Oppler  bacillus,  185 
Bodo  nrinarius,  505 
Bothriocephalus  latus,  227 
Bottger's  test  for  sugar,  410 
Bremer's  diabetic  blood-test,  59 

diabetic-urine  test,  421 
Bronchial  asthma,  255,  272 
Bronchitis,  acute,  271 

chronic,  271 

fibrinous,  272 

putrid,  272 
Browning' ssf»ectro6Cope,  44 
Buccal  secretion  (see  Saliva),  122 
Butyric  acid,  fermentation,  176 

in  the  feces,  204 

gastric  contents,  176 

test  for,  176 

CADAVERIN,  242,  320,  457 
Cahn-Mehring's  method  of  estimat- 
ing fatty  acids,  177 
Calcium  carbonate,  crystals  of,  477 

oxalate,  crystals  of,  467 

phosphate,  crystals  of,  468 

sulphate,  crystals  of,  469 
Calliphora  erythrocephala,  217 
Calomel  stools,  193 
Carbohydrates,  digestion  of,  164 

in  the  blood,  46 
feces,  241 
urine,  402 

tests  for,  402 
Carbol-fuchsin,  266 
Carbolic  acid,  estimation  of,  447 

tests  for,  202,  447 
Carbolo-chloride  of  iron  test,   for  lactic 

acid,  170 
Carbon  monoxide  hiemoglobin,  39 
Caries  of  the  teeth,  122 
Casein,  digestion  of,  164 

in  the  milk,  536 

test  for,  Leiner's,  214 
Casts,  classification  of,  489 

examination  of,  489 

fatty,  492 

fibrinous,  254 

formation  of,  494 

granular,  490 

hyaline,  489 

pus,  490 

significance  of,  4963* 
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Casts,  staining  of,  489 

urinary,  489 

waxy,  492 
Catarrh,  acute  intestinal,  242 

bronchial,  271 

chronic  intestinal,  243 

duodenal,  243 

intestinal  of  infants,  244 

of  ileum,  243 

{'ejunum,  243 
arge  intestine,  211 
Cause's  method  of  estimating  sugar,  416 
Cellulose  in  the  blood,  49 
Cenomonadina,  219 
Cercomonas  intestinalis,  220,  221 
Cerebro-spinal  fluid,  247,  519 
amount  of,  520 
ap|)earance  of,  520 
chemical  composition  of,  521 
microscopic  examination  of.  521 
reaction  of,  522 
specific  gravity  of,  521 
Cestodes,  217 
Chalicosis,  275 
Charcot-Leyden  crystals,  in  the  feces,  196, 

216 
Charcot-Leyden  crystals  in  the  nasal  dis- 
charge, 248 
in  the  sputum,  257,  269 
Chemical  examination  of  the  blood,  24 
of  the  buccal  secretion,  122 
of  cystic  fluids,  516 
of  the  feces,  142,  199 
of  the  gastric  juice,  139 
of  the  milk,  538 
of  the  pus,  512 
of  the  semen,  525 
of  the  sputum,  270 
of  transudates,  509 
of  the  urine,  293 
Cenomonadina,  217 
Chenzinskv-Plehn's  stain,  87 
Chlorides  m  the  urine,  295 
estimation  of,  298 

according  to  Neubauer  and 
Salkowski,  303 
Salkowski  and  Vol  hard, 
298 
direct  method,  302 
test  for,  298 
Chloroform-benzol  mixture,  19 
Chola?mia,  53 
Cholera  Asiatica,  245 

bacillus  of,  236 
infantum,  244 
nostras,  243 

bacillus  of,  236 
Cholesterin  in  the  blood,  27 
in  tlie  feces,  204 
in  the  sputum,    269 
in  the  urine,  437 
test  for,  205 


Choluria,  436 
Chorion  villi,  534 
Chromogens  in  the  urine,  425 
Chyluria,  120,  231,  386,  437,  455,  476 
Chymosin,  160 

estimation  of,  162 
test  for,  162 
Chymoflino/E^n,  160 
estimation  of,  162 
test  for,  162 
Ciliated  epithelium  in  cysts,  516 

in  the  sputum,  258 
Cladothrix,  268 
Coating  of  the  tongue,  128 
Cocddia  in  the  feces,  217 
Cofiein,  346 

Coffin-lid  crystals,  467,  477 
Colica  mucosa,  211 

Colloid  concretions  in  ovarian  cysts,  517 
Colostrum,  535 
Comma  bacillus,  236 
Concretions,  biliary,  212 
fecal,  213 
intestinal,  213 
pulmonary,  257 
Con^red  test,  for  free  acids,  147 
Conjugate  sulphates,  313,  446 
Constipation,  206 
Copper  test  for  uric  acid,  352 
Coproliths,  213 
Corpora  amylacea,  526 
Cresol  in  the  feces,  201 

in  the  urine,  446 
Crystals  of  bilirubin,  475 

calcium  carbonate,  477 
oxalate,  465 
phosphate,    467,    468,    476 

477 
sulphate,  469 
Charcot-Levden,  196,  210,   248 

257,  269 
cholesterin,  27,  204,  269,  437 
cvstin,  320,  469 
fatty  acids,  196,  216 
htematoidin,  42,  269,  475 
ha'min,  40 
hippuric  acid,  468 
indigo,  477 
leucin,  471 

magnesium  phosphate,  468,  476 
phenyl-glucosazon,  412 
phosphate  of  sperm  in,  525 
Teichraann,  40 
triple  phosphate,  467,  477 
tv rosin,  471 

urate  of  ammonium,  476 
uric  acid,  463 
janthin,  473 
Curschmann's  ^rals,  255 
Cylinders,  mucous,  211,  243,  494 

urinary,  488 
Cylindroids,  488,  494 
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Cylindraria,  488 
C^tein,  320 

Gjrsticercus  cellalose,  226 
Cysdn,  320,  469 
Qrstinuria,  320,  458,  469 
C^sto,  colloid,  517 

contents  of,  516 

dermoid,  517 

fibro-cystic,  517 

hydatid,  518 

ovarian,  516 

pancreatic,  518 

parovarian,  517 

DA  LAND'S  hsematokrit,  99 
Decidual  cells,  534 
t'-gi-anulations  of  Ehrlich,  69 
Denaturization,  162 
Dennig^'s  test,  for  acetone,  54,  450 
Dermoid  cysts,  517 
Deutero-albamoses,  163 
Dextrin  in  the  urine,  423 
Dextrose  in  the  urine  (see  Glucose) 
Diabetes,  407 

altemans,  350 

blood  test  in,  Bremer's,  59 

Williamson's,  48 
elimination  of  sugar  in,  407 

of  urea  in,  327,  409 
hepatogenic,  408 
Hirschfeld's  form  of,  327,  409 
insipidus,  282,  298 
myogenic,  408 
phosphatic,  306 
Diacetic  acid  in  the  urine,  452 

tests  for,  452 
Diaceturia,  452 
Diamins  in  the  feces,  242 
urine,  320,  457 
Diarrhoea,  206 
Diathesis,  oxalic  acid,  370 

uric  acid,  349 
Diazo-reaction   (see  Ehrlich' s  reaction), 

443 
Digestion,  gastric,  162 
of  albumins,  162 

albuminoids,  164 
carbohydrates,  164 
milk,  164 

native  albumins,  162 
products  of,  162 
Dimethyl-amido-azo-benzol  test,  148 
Diphtheria,  129 
Diplococcus  meningitidb  intracellularis, 

523 
Diplococcus  pneumonis,  104,  125,  266 
Distoma,  Buskii,  230 
capense,  121 
conjunctum,  231 
haematobium,  231,  506 
hepaticum,  229 
heterophyes,  231 


Distoma  lanceolatum,  229 

pulmonale,  231,  262 

rhatonisi,  230 

sibiricura,  230 

spatulatum,  230 
DLstomiasis,  121 
Donne's  pus-test,  482 
Drosophila  melanogastra,  217 
Drugs,  effect  of,  on  the  color  of  the  stools, 

193 
Drysdale's  corpuscles,  577 
Dysentery,  244 

amoebic,  244 

tropical,  244 

EARTHY  phosphates,  312 
Eberth's  bacillus,  100,  237 
Echinococcus,  257,  258,  261 

membranes  in  the  sputum,  257 
e-granulations  of  Ehrlich,  67 
Ehrlich' s  granulations,  65 
hsematoxylin-eosin,  87 
neutral  stain,  88 
reaction,  443 
staining  methods,  86 
tri-glycerin  mixture,  87 
-acid  stain,  86 
Einhom's  bucket,  136 

saccharimeter,  411 
EUiittic  tissue  in  the  sputum,  253,  260 
Eisner's  method,  238 
Emerald-green  test  for  hydrochloric  acid, 

150 
Enteritis,  acute,  242 
chronic,  243 
membranous,  211,  243 
mucous  (see  Membranous),  211,  243 
Enterogenic  peptonuria,  384 
Enteroliths,  213 
Eosin,  staining  with,  88 

-meth^lal,  88 
Eosinophilia,  78 

Eosinophilic    leucocytes    in    the   blood, 
68 
in  the  sputum,  257 
Epithelial  cells,  alveolar,  259 
ciliated,  258 

in  the  buccal  secretion,  124 
in  the  gastric  contents,  185 
in  the  feces,  195 
in  the  sputum,  258 
in  the  urine,  478 
in  the  vaginal  secretions,  529 
Eructatio  nervosa,  179 
Erythrodextrin,  165 

test  for,  167 
Esbach's  albuminimeter,  395 

method  of  estimating  albumin,  395 
reagent,  395 
Ethvl-sulphide,  320 
Euclilorhydria,  146 
!  Eustrongylus  gigas,  506 
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Ewald's  modification  of  Mohr*s  test  for 

hydrochloric  acid,  150 
Extractives  in  the  blood,  27 
Exudates,  507,  510 

albumin  in,  509 

chyloid,  515 

chylous,  515 

coagulation  of,  510 

hemorrhagic,  510 

in  cancer,  510 

purulent  (see  Pus),  511 

putrid,  511 

serous,  510 

specific  gravity  of,  510 

in  tuberculosis,  510 

FAT  in  the  blood,  27,  52 
in  the  milk,  estimation  of,  540 
in  the  urine,  454,  475 
Fatty  acids  in  the  blood,  52 

estimation  of,  177 

in  the  feces,  203 

in  the  gastric  contents,  175 

in  the  pus,  512 

in  the  sputum,  270 

in  the  urine,  454 

mode  of  formation  of,  175 

tests  for,  176,  203 
casts,  492 
Febrile  acetonuria,  449 
albuminuria,  376 
urobilin,  206,  425 
Fecal  matter  in  the  urine,  506 

vomiting,  184 
Feces,  192 

alimentary  detritus  in,  193,  210 

amount  of,  192,  207 

annelides  in,  217 

biliary  acids  in,  205 

biliarv  concretions  in,  212 

blood  in,  208,  215 

chemistry  of,  199,  241 

color  of,  198,  208 

composition  of,  199 

consistence  of,  198,  207 

crystals  in,  190,  216 

examination  of  normal,  192 

flagellata  in,  219 

foreign  bodies  in,  194 

form  of,  198,  207 

gases  in,  200 

general  clianicteristics  of,  192 

in«lol  in,  201 

insects  in,  235 

macroscopic  constituents  of,  193,  210 

microscoi»ic  constituent**  of,  194,  213 

numbiT  of  stools,  192,  20G 

odor  r)f,  198,  207 

parasites  in,  197 

animal,  216 

vegetable,  197,  28o 
pathology  of,  200 


Feces,  phenol  in,  201 

protozoa  in,  217 

reaction  of,  199,  208 

skatol  in,  201 

technique  in  examination  of,  192 

trematodes  in,  217 

vermes  in,  217 
Fehling's  solution,  410 

test  for  sugar,  410 
Ferment,  milk-curdling,  160 

of  saliva,  123 
Fermentation-test  for  sugar,  411 
Ferments  in  the  gastric  juice,  157 
Ferrometer,  Jolle's,  34 
Feser's  lactoecope,  540 
Fibrin,  25 

estimation  of,  45 

ferment,  25 

in  the  blood,  25 
urine,  386 

test  for,  401 
Fibrinogen,  25 
Fibrinoglobulin,  25 
Fibrinoses,  164 
Fibrinous  casts,  254 

coagula  in  the  sputum,  254 

in  the  urine  (see  Chyluria) 
Filar ia  Bancrofti,  119 

diuma,  119 

Mansoni,  119 

noctuma,  119 

sanguinis  hominis,  119 

Wuchereri,  119 
Filariasis,  119 
Finkler-Prior  bacillus,  236 
Flagellata,  219 
Fleischl's  haemometer,  37 
Florence's  test  for  semen,  527 
Forceps,  cover-glass,  84 
Foreign  bodies  in  the  feces,  194 

in  the  sputum,  2r)7 
urine,  506 
Formic  acid,  detection  of,  203 
Freund' s  method  of  determining  aciditv 
of  urine,  292 

pneumococcus,  105,  267 
Frie<l lander's  bacillus,  106 
Furfurol  test  for  bile  acids,  206 
Futcher's  malarial  stain.  111 

GABRETFS  staining  method,  265 
Galakturia,  455 
Gallstones  in  the  feces,  212 

analysis  of,  213 
(Jangrene  of  the  lung,  272 
Garrod's  test  for  uric  acid  in  the  blood, 
51 
test  for  homogentisinic  acid,  442 
Gases  in  the  blood,  27 
in  the  feces,  200 
in  the  gastric  contents,  178 
in  the  urine,  456 
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Oastric    contents,    examination    of,    132 
(see  also  Gastric  Juice) 
juice,  132 

acetic  acid  in,  176 
acetone  in,  180 
acidity  of,  139 
amount  of,  138 
antiseptic  properties  of,  144 
aspiration  of,  136 
butyric  acid  in,  176 
cause  of  acidity  of,  139 
chemical  composition  of,  139 

examination  of,  139 
chymosin  in,  160 
chymosinogen  in,  160 
expression  of,  186 
fatty  acids  in,  175 
ferments  in,  157 
free  acids  in,  139 
gases  in,  178 

general  characteristics  of,  137 
hydrochloric  acid  in,  139 
hyperacidity  of,  143 
hypersecretion  of,  138,  143 
indirect  examination  of,  189 
lactic  acid  in,  168 
method  of  determining  the  total 

acidity  of,  141 
methods  of  obtaining,  134 
microscopic  examination  of,  185 
milk-curdling  ferment  of,  160 
organic  acids  in,  177 
pepsin  in,  157 
pepsinogen  in,  157 
proteids  in,  162 
ptomai'ns  and    toxalbumins    in, 

180 
secretion  of,  132 
zymogens  in,  157 
digestion,  products  of,  162 
of  albuminoids,  164 
carbohydrates,  164 
natiye  albumins,  162 
analysis  of  products  of,  166 
Grastrosucorrhopa  mucosa,  182 
Gigantoblasts  (see  Megaloblasts),  62 
Glanders,  bacillus  of,  108 
Globulinoses,  164 
Glucose,  402 

Bottger's  test  for,  410 
Cause's  method,  416 
Differential  density  method  of  esti- 
mating, in  the  urine,  417 
Einhom^s  method,  418 
Fehling*s  method,  414 

test  for,  410 
Fermentation  test,  411 
in  the  blootl,  27,  46  ^ 
estimation  of,  47 
Knapp's  method,  417 
Lohnstein's  method,  418 
Ny lander's  test,  410 


Glucose,  phenyl-hydrazin  test,  412 

polarimetric  method,  412,  419 

quantitatiye  estimation  of,  414 

tests  for,  409 

Trommer's  test  for,  409 
Glycogen  in  the  blood,  48 

in  the  sputum,  271 

test  for,  49 
Glycosuria,  402 

digestiye  402 

e  saccharo,  405 

ex  amylo,  405 

persistent,  407 

transitory,  406 
Glycosuric  acid,  441 
Glycuronic  acid  in  the  urine,  424 
Gmelin's  reaction,  437 
Gonococcus  in  the  blood,  106 

in  the  mouth,  127 

in  urethral  discharge,  502 

of  Neisser,  502 

staining  of,  503 
Gonorrhceal  stomatitis,  127 

threads  in  the  urine,  503 
Gowers*  haimoglobinometer,  33 
Gram's  method  of  staining,  130 
Granular  degeneration,  61 
7-granulation  of  Ehrlich,  69 
Grape  sugar  (see  Glucose) 
Gregarina,  223 

Grethe's  method  of  staining  tubercle  ba- 
cilli in  the  urine,  502 
Guaiacum  test  for  blood,  401 
Guanin  in  the  urine,  346,  359 
Gum,  animal,  424 
Gunning's  mixture,  342 
Gunzburg's  packages,  189 

reagent,  149 
Gynsecophorus,  121 

H^MATEMESIS,  183 
Hffimatin,  40,  434 
FIfematinuria,  385,  434 
Hffimatoblasts,  91 
Hsematoidin  in  the  blood,  42 
in  the  sputum,  269 
in  the  urine,  475 
Hsematokrit,  99 
Hsematoporphyrin  in  the  blood,  43 

in  the  urine,  434 
Ilsematoporphyrinuria,  43,  434 
Hsematuria,  386,  485 
Hsemin  (see  Teichmann's  cirstals),  40 
Hamocytometer  of  Thoma-Zeiss,  92 
Haemoglobin,  17,  28 
carbon  dioxide,  40 
monoxide,  39 
estimation  of,  with  Fleischl's  hsemo- 
meter,  31 
with  Gowers'    hfemoglobinome- 
ter,  33 
nitric  oxide,  39 
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Haemoglobin,  sulphoretted  hydrogen,  39 

tests  for,  400 
Hsemoglobinsmia,  38,  42,  385 
Hsemoglobinometer  of  Gowers,  33 
Hsemofflobinuria,  42,  385 
Hsemokonia,  92 
Haemometer  of  Fleischl,  31 
Hspmoepermia,  527 
Halitns  sanguinis,  18 
Hammerschlag's  method,  19 
Haycraft's  method  of  estimating  uric  acid, 

355 
Hayem's  fluid,  93 
Heart  disease,  cells  of,  274 

sputum  in,  274 
Hehner-Seemann's  method  of  estimating 

organic  acids,  177 
Heintze's  method  of  estimating  uric  acid, 

358 
Heller's  test  for  albumin,  388 

for  blood,  401 
Hepatogenic  icterus,  436 
Heteroalbumoses,  163 
Heteroxanthin  in  the  urine,  347,  359 
Hexon  bases,  163 
Hippuric  acid  in  the  urine,  361,  468 

estimation  of,  363 

properties  of,  362 

test  for,  363 
Histidin,  163 
Histon  in  the  urine,  388 

test  for,  401 
Hoffmann's  test  for  ty rosin,  473 
Hofmeister's  method  of  estimating  hip- 
puric acid,  364 

test  for  leucin,  473 
Homialomvia.  217 
HomogentiBinic  acid,  441 
Hopkins'  method  of  estimating  uric  acid, 

353 
Hufner's  apparatiin  for  the  estimation  of 

urea,  339 
Huppert's  test  for  bile-pigment,  437 
Hydatid  cyst«,  518 

echinococcas  membranes  and  booklets 
in,  518 

sodium  chloride  in,  518 

succinic  acid  in,  518 
Hydrobilinibin,  200 
Hydrocele  fluid,  509 

cholesterin  in,  509 
Hydrochinon  in  the  urine,  440 
Hydrochloric  acid   in   the  gastric  juice, 
139 

estimation    of,    according    to    Leo, 
156 
Martins  and  Liittke,  154 
Tr)pfer,  152 

amount  of,  146 

combined,  151 

free,  J  40 

(juantitutive  estimation  of,  152 


Hydrochloric  acid,  significance  of,  144 

source  of,  143 

tests  for,  148 
Hydrocyanic      acid      poisoning,      blood 

changes  in,  40 
Hydronephrods,  518 
Hydrothionnria,  456 
Hypalbnminods,  45 
Hyperalbuminoeis,  45 
Hyperchlorhydria,  147 
Hyperinosis,  45 
Hyperisotonia,  26 
Hyperleucocytosis,  72 

mixed,  80 

paasive,  82 

pathologic,  75 

physiologic,  73 

polynuclear,  eosinophilic,  78 
neutrophilic,  72 
Hypersecretio  acida  et  continua,  143 
Hypersecretion,  138 
Hypinosis,  45 
Hypobromite  solution,  333 
Hypochlorhydria,  146 
Hypoleucocvtosis,  72,  82 
Hypoxanthin  in  the  urine,  346,  359 

ICTERUS,  436 

1      hsematogenic,  436 

hepatogenic,  436 

neonatorum,  436 

urobilin,  438 
Idiopathic  bacteriuria,  504 

oxaluria,  370 
Ilasyay's  reagent,  123 
Indican  in  the  urine,  427 

tests  for,  429 
Indicanuria,  427 
Indigo-blue  in  the  urine,  443,  456,  477 

-red  in  the  urine,  433 
Indigosuria,  456,  477 
Indol  in  the  feces,  201 
tests  for,  202 
Indoxyl,  427 

sulphate  (see  Indican),  427 
Influenza,  bacillus  of,  108,  267 
Infusoria  in  the  fet^es,  21 7 

in  the  pus,  514 

in  the  vaginal  discharge,  530 
Inosit  in  the  urine,  424 
Insects  in  the  feces,  235 
Intermittent  albuminuria,  373 
Intestinal  catarrii,  242,  243 

concretions,  212 

putrefaction,  313,  427 

tuberculosis,  239 
Intestines,  diseases  of,  242 
Io<loform-test  for  lactic  acid,  172 
lodospermin,  527 
Iron  test,  209 

in  blood,  34 
Isotonia,  20 
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JAFFETS  test  for  indican,  430 
Jaundice  (see  Icterus),  436 
Jenner's  stain,  89,  111 
Jolles*  ferrometer,  34 

KELLING'S  test  for  lactic  acid,  171 
Kjeldahl's  method,  341 
Knapp's  method,  417 
Koplik's  bacillus,  267 
Korczynski  and  Jaworeki's  test,  209 
Krabbea  grandis,  229 
Kreatin,  364 

properties  of,  365 
Kreatinin,  364 

estimation  of,  367 
properti^  of,  365 
test  for,  366 
-zinc  chloride,  365 

• 

LACTIC  acid,  168 
bacillus  of,  168 
clinical  significance  of,  168 
estimation  of,  173,  175 
fermentation,  168 
in  the  blood,  53 
in  the  gastric  contents,  168 
mode  of  formation,  169 
tests  for,  170 
BoasS  172 
Kelline's,  171 
Straus/,  171 
Uffel  man's,  170 
in  the  urine,  453 
Lactodensimeter  of  Quevenne,  538 
Lactoscope  of  Feser,  540 
Lactose  in  the  urine,  422 
Laiose  in  the  urine,  423 
liandois*  estimation  of  the  alkalinity  of 

the  blood,  23 
Latent  microbism,  100 
Laveran's  organism,  110 
Laverania  malarise,  116 
Lecithin  in  the  blood,  27 
L^^'s  test  for  acetone,  449 
Lemer's  test  for  casein,  214 
Leo's  method  of  estimating  hydrochloric 

acid,  156    . 
Lepro^,  bacillus  of,  264 
Leptothrix  buccalis,  124 

pulmonalb,  272 
Leube's  test,  188 
Leucin,  324,  471 
Leucocytes,  63 
basophilic,  69 

difierential  enumeration,  96 
differentiation  according  to  their  be- 
havior toward  anilin  dyes,  (>5 
Ehrlich's  granulations  in,  65 
enumeration  of,  95 
eosinophilic,  68 
estimation  of  the  number  of,  95 


Leucocytes,  general  difierentiation  of  the 
various  forms  of,  64 

indirect  enumeration  of,  96 

in  the  blood,  63 

in  the  exudates,  512 

in  the  feces,  195,  216 

in  the  sputum,  257 

in  the  urine,  481 

irritation  forms,  71 
!         large  mononuclear,  66 
I         lymphocytes,  65 
I  Mastzellen,  69 

I         myelocytes,  70 
!  myelogenic,  70 

neutrophilic,  67 

oxyphilic,  68 

polymorpho-nuclear,  67 

polynuclear,  67 

pseudo-lymphocytes,  71 

small  mononuclear,  65 

transition  forms,  67 

variations  in  number  of,  72 
Leucocytosis  (see  Hyperleucocytosis),  72 

active,  72 

digestive  form  of,  73 

passive,  72 
Leukaemia,  lymphatic,  82 

myelogenous,  80 
Leukopenia,  82 
Levulose  in  the  urine,  423 
Lieben's  test  for  acetone,  449 
Lientery,  210 
Lipacidsemia,  52 
Lipaciduria,  454 
Lipeemia,  52 
Lipuria,  454,  475 
Liver  abscess,  272 

acute  yellow  atrophy  of,  324 

diseases  of,   feces    in    (see    Acholic 
stools), 
urine  in  (see  Bile-pigments). 
Lochia,  531 

alba,  531 

rubra,  531 
I^hnstein's  sacchari meter,  418 
Loffler's  bacillus,  129 

methylene-blue  solution,  1 29 
Lowy's  method  of  estimating  the  alka- 
linity of  the  blood,  23 
Ludwig-Salkowski's  method  of  estimating 

uric  acid,  356 
Lymphocytes,  66 
Lymphocytosis,  82 
Lysin,  163 

MACROCYTH.EMIA,  55 
Magnesia  mixture,  309 

soaps  of,  in  the  urine,  474 
Magnesium  phosphate,'  468,  476 
Malaria,  plasmoaium  of,  110 
Maltose,  165,  423 
Mammary  secretion,  535 
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Marrow  cells,  70 

Marsh  gas  in  the  gastric  contents,  178 
Martins'    and    Luttke's  method  of  esti- 
mating hydrochloric  acid,  154 
Mason's  lung  (see  Siderosis),  275 
Mastzellen,  69 
Meconiam,  246 
Medico-legal  test  for  blood,  40 
Megaloblasts,  62 
Megalocytes,  55 
Meeastoma  entericum,  223 
Melansemia,  119,  440 
Melanin  in  the  urine,  439 

tests  for,  440 
Melanogen,  439 

Membranous  dysmenorrhoea,  vaginal  dis- 
charge in,  532 
Meningeal  fluid,  examination  of,  519 
Menstruation,  vaginal  discharge  in,  531 
Metalbnmin  in  ovarian  cysts,  526 
Methsemoglobin,  42 
Methsemoglobinsemia,  38,  42 
Methane  (see  Marsh  Gas),  178 
Methyl-violet  test,  150 
Michaelis*  stain,  90 
Microblasts,  63 
Micrococci  in  pus,  514 
Micrococcus  gonorrhoeicus,  502 

ureie,  500 
Microcythsemia,  55 
Micro-organisms  in  the  feces,  197 
in  the  milk,  537 

mouth,  124 

nasal  secretion,  247 

pus,  514 

urine,  500 

vaginal  discharge,  529 
Microscopic  examination   of    the  blocKl, 

of  tlie  buccal  secretion,  124 

of  cystic  fluids,  576 

of  exudates,  572 

of  the  feces,  213 

of  the  gastric  contents,  1 85 

of  the  nasal  secretion,  247 

of  the  sputum,  257 

of  transudates,  510 

of  the  urine,  460 

of  the  vaginal  secretion,  529 

of  the  vomit,  185 
Milk,  535 

chemical  composition  of,  536 

cow's,  537 

-curdling  ferment  in  the  gastric  juice, 

160 
in  disease,  537 
examination  of,  538 
fat  in,  estimation  of,  540 
human,  536 
proteids  of,  537 

secretion  of,  in  the  adult  female,  536 
in  the  newlv  bom,  535 


Milk,  specific  gravity  of,  536,  538 

witches',  535 
Millon's  reagent,  398 
Mohr's  test  for  hydrochloric  acid,  150 
Monadina,  in  feces,  219 
Monera,  in  the  feces,  217 
Monocalcium  phosphates,  468 
Motor-power  of  the  stomach,  examination 
of,  188 

Lfeube's  method,  188 
Motor-power,  salol    test  of   Ewald    and 

Sievers,  188 
Mouth,  actinomycosis  of,  128 

secretions  of,  122 

tuberculosis  of,  128 
Mucin,  in  the  feces,  241 

in  the  urine,  387 
test  for,  400 
Mucous  corpuscles  in  the  urine,  277 

cylinders  in  the  feces,  211,  243 
in  the  urine,  494 
Mucus,  in  the  gastric  contents,  182 

in  the  feces,  211,  215 
MuUer- Weber  test  for  blood,  183 
Murexid  test,  352 
Myelin  granules  in  the  sputum,  259 
Myelocytes,  eosinophilic,  71 

neutrophilic,  70 
Myosinoses,  164 

NASAL  catarrh,  247 
secretion,  247 

cerebro-spinal  fluid  in,  247 

characteristics  of,  247 

Charcot  -  Leyden     crvstals    in, 

248 
in  disease,  247 
Xeisser,  gonococcus  of,  502 
'  Nematodes,  217 
Nessler's  reagent,  172 
I  Xeuridin,  320 
'  Neusser's  granules,  69 
i  stain,  89 

Neutral   phosphate    of   calcium,  in    the 

urine,  468 
Neutrophilic  granules  in  the  blood,  67 
Nitric  acid  test  for  albumin,  388 
Nitrites  in  the  saliva,  123 
Nitrogen  in  the  urine,  322 
estimation  of,  341 

according  to  Kjeldahl,  347 
Will -Varrentrapp,  343 
Nitrogenous  equilibrium,  325 
Nitro-prusside  of  sodium,  as  a   test   for 

acetone  (see  Legal' s  test),  449 
Normal  urobilin,  206,  425 
Normoblasts,  61 
,  Nose,  secretion  from,  247 
Nubecula  in  the  urine,  277 
Nucleated  red  corpuscles,  61 
Nucleo-albumin,  in  the  blood,  46 
in  the  urine,  387 
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I^acleo-albamiD,  test  for,  400 
Ny lander's  test  for  sagar,  410 

OBERMEYER'S  reagent,  429 
CEdema  of  the  lungs,  spatum  in,  274 
Oidium  albicans,  268 
Olefiant  gas,  179 
Oligochromfemia,  30 
OligocYthsemia,  30 
OUguna,  283 
Or^inic  acids  in  the  blood,  52 

in  the  gastric  juice,  177 

in  the  sputum,  270 

Quantitative  estimation  of,  177 
Oiganizea  sediments  of  the  urine,  478 
Ott's  test,  400 
Ovarian  cysts,  516 

Oxalate  of  calcium  crystals  in  the  sputum, 

270 
in  the  urine,  465 
Oxalic  acid  in  the  urine,  369 

diathesis,  370 

properties  of,  370 

quantitative  estimation  of,  371 

tests  for,  371 
Oxaluria  idiopathica,  370 
Oxaluric  acid,  369 
Oxybutyric  acid-/3,  in  the  urine,  453 
Oxy haemoglobin,  18,  28 
Oxyuris  vermicularis,  232 
Ozsena,  247 

PACINrS  fluid,  93 
Pancreatic  cysts,  518 

trypsin  in,  518 
juice  in  the  gastric  contents,  183 
Pappenheim's  method,  265 
Paracasein,  164 
Paracresol  in  the  urine,  446 
Paramcedum  coli,  223 
Parasites  in  the  blood,  100 

in  the  feces,  216 

in  the  gastric  contents,  184 

in  the  urine,  500 

malarial,  110 
Parasitology  of  the  blood,  100 

of  the  sputum,  261 
Paraxanthin  in  the  urine,  347,  359    . 
Patein's  albumin,  383 
test  for,  394 
Pathologic  albuminuria,  372 

acetonuria,  448 

glycosuria,  407 

urobilin,  425,  438 
Pentoses  in  the  urine,  423 

tests  for,  423 
Pepsin  in  the  gastric  juice,  157 

estimation  of,  160 

tests  for,  159 
Pepsinogen  in  the  gastric  juice,  157 

estimation  of,  160 

tests  for,  160 


Peptones  in  the  blood,  46 

in  the  feces,  241 

in  the  gastric  contents,  163 

in  the  urine,  383 

tests  for,  398 
Peptonuria,  383 

enterogenic,  384 

hiematogenic,  384 

hepatogenic,  384 

histogenic,  384 

myelopathic,  384 

pyogenic,  384 

ren£,  384 

vesical,  384 
Persistent  glycosuria,  407 
Pettenkofer  s  test,  206 
Phagocytes,  63 
Phagocytosis,  64,  119 
Pharyngomycosis  leptothrica,  129 
Phenol,  201,  440,  446 

estimation  of,  447 

in  the  feces,  201 

in  the  urine,  440,  446 

tests  for,  202,  447 
Phenylglucosazon«  412 
Phenylhydrazin  hydrochloride,  412 
Phloroglucin  test  for  pentoses,  423 

-vanillin  test  for  hydrochloric  acid, 
149 
Phosphates  in  the  urine,  304,  468,  476 

estimation  of,  310 

removal  of,  from  urine,  312 

separate  estimation  of  alkaline  and 
earthy,  312 

tests  for,  308 
Phosphatic  sediments  in  the  urine,  468, 

476 
Phthisis  pulmonalis,  sputum  in,  273 
Physiologic  acetonuria,  448 

albuminuria,  372 

glycosuria,  402 
Picric-acid  test  for  albumin,  394 
Pigments  in  the  feces,  206 

in  the  urine,  425 
Piorkowski's  method,  237 
Piria's  test  for  tyrosin,  473 
Placenta  sanguinis,  24 
Plaques,  91 

enumeration  of,  98 
Plasma  of  the  blood,  17,  24 
Plasmodium  malarise,  110 

crescentic  bodies,  116 
flagellate  bodies,  117 
hyaline  bodies,  112 
ovoid  bodies,  116 
pigmented  extra-oellular  bodies, 
117 
intra-cellular  bodies,  113 
segmenting  bodies,  114 
spherical  bodies,  116 
Plastic  bronchitis,  272 
Platodes,  217 
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Plehn's  malarial  stain,  112 
Pneamatoria,  456 
Pneamoconioees,  274 
Pneamonia,  diplococcos  of,  105 

sputum  in,  273 
Poikilocytes,  56 
Poikilocjtoeis,  56 
Polarimeter,  420 

Poljchromatophilic  degeneration,  59 
Polycythamia,  57 
Polymastigina,  220 
Polyuria,  280 

epicritic  form  of,  280 
Preparation  of  cover-glasses,  83 
Propepsin,  158 
Prostatic  fluid,  526 
Prota^on,  260 
Proteids,  formed  in  the  stomach,  162 

of  the  blood,  45 

reactions  of,  166 
Proteoses,  163 
Proteus  vulgaris,  104,  240 
Protoalbumoses,  163 
Protozoa,  216 

in  the  blood,  110 

in  the  feces,  217 

in  the  pus,  514 

in  the  sputum,  261 

in  the  urine,  505 
Pseudo-casts,  488,  494 

-gonococci,  503 

-lymphocytes,  71 
Psorospermiasis,  223 
Ptomai'ns  in  the  feces,  242 

in  the  gastric  contents,  180 

in  the  urine.  457 
Ptyalm,  123 

test  for,  123 
Pulmonary  diseases,  sputum  in,  271 

abscess,  272 

gangrene,  272 

(edema,  274 
Purin,  346 

bases,  346 
Purulent  exudates,  511 
Pus,  511  ^ 

chemistry  of,  512 

crystals  in,  514 

detritus  in,  513 

general  characteristics  of,  511 

giant-corpuscles  in,  513 

in  the  feces,  209 

in  the  gastric  contents,  184 

in  the  urine,  482 

leucocytes  in,  512 

microscopic  examination  of,  512 

paras^ites  in,  514 

red  corpuscles  in,  514 

tests  for,  482 
Putrescin,  242,  320,  457 
Putrid  bronchitis,  272 

exudates,  511 


'  Pycnometer,  288 
Pyogenic  peptonuria,  384 
Pyrocatecriin  in  the  urine,  440,  448 
I^rocatechuic  acid,  441 
Pyuria,  482 

nUEVENNFS  lactodensimeter,  538 

REACH'S  test,  190 
Reaction  of  the  blood,  20 
of  the  feces,  199,  208 
of  the  gastric  juice,  139 
of  the  urine,  288 
Red  blood-corpuscles,  17,  53 

behavior  toward  anilin  dyes,  58 
degeneration  of,  59,  61 
enumeration  of,  92 
nucleated  forms,  61 
variations  in  color,  58 
variations  in  form,  56 
variations  in  number,  56 
variations  in  size,  55 
Relapsing  fever,  spirillum  of,  109 
Renal  albuminuria,  375,  382 
Resorcin  test,  149 

Resorptive  power  of   the  stomach,   ex- 
amination of,  189 
Reynolds'  test  for  acetone,  450 
Rhizopoda,  217 
Rice-water  stools,  245 
Rosenbach's  reaction,  433 

test  for  bile-pigments,  437 
Round  worms,  231 
Roy's  method  of  determining  the  specific 

gravity  of  the  blood,  18 
Rust-colored  expectoration,  251 

C ACCHARIMETER  of  Einhom,  411 
0    of  Ixjhnstein,  418 

of  Soleil- Ventzke,  420 
Saccharomyces  cerevisiae  (see  Yeast) 
Saliva,  122 

chemistry  of,  122 
general  characteristics  of,  122 
I         m  the  gastric  contents,  182 

in  special  diseases  of  the  mouth, ^126 
microscopic  examination  of,   1 24 
1  nitrites  in,  123 

I  pathologic  alterations  of,  126 

I         ptyalin  m,  123 

test  for  nitrites,  123 
for  ptyalin,  123 
I  for  sulphocyanides,  1 22 

I  Salivary  corpuscles  in,  124 
j  Salivation,  126 

Salkowski's  test  for  albumoses,  398 
I         test  for  phenol,  447 
Salol  test  of  Ewald  and  Sievers,  188 
I  Sanarelli's  bacillus  icteroides,  110 
,  Saprin,  320 
Sarcina  pulmonalis,  268 
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Sarcina  uriiue,  504 

ventricuU,  186 
Scherer's  test  for  leucin,  473 
Schistoeoma,  121 
Schizomycetes  in  the  feces,  197 
Schmaltz  and  Peiper's  method  of  deter- 
mining the  specific  gravity  of  the  blood, 
19 
Scybala,  207 

Secretions  of  the  mouth,  122 
Sediments  in  the  urine,  460 

ammonio-magnesium  phosphate  in, 
467,  477 

ammonium  urate  in,  476 

amorphous  urates  in,  465 

basic  magnesium  phosphate  in,  468, 
476 

bilirubin  in,  475 

brick-dust,  463 

calcium  carbonate  in,  477 
oxalate  in,  465 
sulphate  in,  469 

cystin  in,  320,  469 

epithelial  ceils  in,  478 

fat  in,  475 

foreign  bodies  in,  506 

hiematoidin  in,  475 

hippuric  acid  in,  468 

in  acid  urines,  463 

in  alkaline  urines,  476 

indi^  in,  477 

leucm  in,  471 

leucocytes  in,  481 

mode  of  examination  of,  462,  489 

monocalcium  phosphate  in,  468 

neutral  calcium  phosphate  in,  468 

non-organized,  463 

organized,  478 

parasites  in,  500 

red  corpuscles  in,  485 

soaps  of  lime  and  magnesium  in,  474 

spermatozoa,  498 

tube-casts  in,  488 

tumor-particles  in,  506 

tyrosin  in,  471 

urates  in,  465 

uric  acid  in,  463 

xanthin  in,  473 
Semen,  525 

chemistry  of,  525 

general  characteristics  of,  525 

microscopic  examination  of,  526 

pathology  of,  526 

recognition  of,  in  stains,  527 

spermatic  crystals  in,  525 

spermatozoa  in,  526 
Sepsis,  organisms  in  the  blood,  105 
Sero-purulent  exudates,  510 
Serous  exudates,  510 
Serum-albumin,  in  the  blood,  25 
estimation  of,  395 
in  the  urine,  372 


Serum-albumin,  tests  for,  388,  402 

-globulin,  in  the  blood,  25 
estimation  of,  397 
in  the  urine,  383 
test  for,  397 
Siderosisj  275 
Simon's  iodine  stain,  112 
Skatol  in  the  feces,  201 

tests  for,  202 
Skatoxyl,  446 

sulphate,  446 
Smegma  bacillus,  264 
Soaps  of  lime  and  magnesium  in  the  urine, 

474 
Sodium  chloride  in  hydatid  fluid,  518 
Spectroscope,  43 
Spermatic  crystals,  525 
Spermatocystitis,  499 
Spermatorrhoea,  499 
Spermatozoa  in  the  semen,  526 

in  the  urine,  498 
Spermin.  525 
Spiegler  s  reagent,  394 
Spirals  of  Curschmann,  255 
Spirillum  of  relapsing  fever,  109 
Spirochieta  Obermeieri,  109 
Sporozoa,  223 
Sputum,  249 

amount  of,  250 

bacteria  in,  262 

blood  in,  251,  258 

cheesy  particles  in,  253 

chemistry  of,  270 

color  of,  251 

concretions  in,  257 

configuration  of,  252 

consistence  of,  250 

Curschmann' s  spirals  in,  255 

crodum,  252 

crystals  in,  269 

echinococcus  membranes  in,  257,  261 

elastic  tissue  in,  253,  260 

fibrinous  casts  in,  254 

foreign  bodies  in,  257 

general  characteristics  of,  250 

globosum,  253 

heterogeneous,  252 

homogeneous,  252 

in  various  diseases,  271 

macroscopic  constituents,  253 

microscopic  examination  of,  257 

nummular,  252 

odor  of,  252 

parasites,  animal,  in,  261 
vegetable,  in,  262 

specific  gravity  of,  252 

technique  in  the  examination  of,  249 
Staining  of  blood,  86 

of  tubercle  bacilli,  265 
Staphylococcus  pyogenes  albus,  106 
aureus,  lOo 
citreus,  106 
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Starch,  digestion  of,  164 

solution,  174 
Steatorrhoea,  210 
Stercobilin,  206,  438 
Stokes*  fluid,  28 
Stomach,  motor-power  of,  188 
rate  of  absorption  in,  189 
-tube,  134 

contraindications  to  its  use,  135 
its  introduction,  135 
washing,  137 
Stomatitis,  catarrhal,  126 
gonorrhoeal,  127 
ulcerative,  126 
Stools  (see  Feces) 
Strauss'  test  for  lactic  acid,  171 
Streptococcus  pyogenes,  106 
brevis,  106 
conglomeratus,  106 
longus,  106 
Strongyloides,  217 
Strongjlus  duodenalis,  232 
Stycosis,  275 

Succinic  acid  in  hydatid  fluid,  518 
Sudan  stain  for  fistt,  476 
Sugar  in  the  blood,  27,  46 
in  the  urine,  402 
tests  for,  409 
Sulphanilic  acid  test  (see  Ehrlich's  reac- 
tion) 
Sulphates,  estimation  of,  317 
in  the  urine,  313,  446 
teste  for,  316 
Sulphocvanides  in  the  saliva,  122 

in  tlie  urine,  319 
Sulphur,  neutral,  in  urine,  319 

estimation  of,  321 
Sulphuretted  hydrogen  in  the  gastric  con- 
tents, 179 
in  the  urine,  456 
tests  for,  457 
Syntonin,  166 

TAENIA  cucuraerina,  227 
diminuta,  227 

echinococciLs,  261 

flavapunctata,  227 

mcdiocanellata,  225 

nana,  226 

saginuta,  225 

solium,  225 
Tartar,  127 

Tauro-carbaminic  acid  in  urine  319 
Teichmann's  crvstalf,  41 
Test-breakfast  of  Boas,  134 

of  Ewald  and  Boas,  133 

-dinner  of  Riegel,  134 

-meal  of  Salzer,  134 

-meals,  133 
Thecosoma,  121 
Theobromin,  347 
Theophyllin,  347 


Thiosulphates  in  urine,  319 
Thoma-Zeiss'  haemocytometer,  92 
Thrush,  127 
Toison's  fluid,  93 
Tollens*  orcin  test,  423 

phloroglucin  test,  423 
Tongue,  coating  of,  128 
Tonsillitis,  129 
Tonsils,  coating  of,  129 
Toepfer^stest  for  hydrochloric  acid,  148 
Toxalbumins  in  the  gastric  contents,  180 
Transitory  glycosuria,  406 
Transudates,  507 
albumin  in,  508 
chemistry  of,  509 
coagulation  of,  509 
general  characteristics  of,  507 
microscopic  examination  of,  510 
specific  gravity  of,  507 
Trematodes,  229 
Trichina  cprstica,  119 

spiralis,  234 
Trichocephalus  dispar,  233 
Trichomonas  vaginalis,  222,  261,  505,  530 
Trichotrachelides,  233 
Triple-phosphate  crystals  in  the  sputum, 
270 

in  the  urine,  467,  477 
Tripperfaden,  503 
Trommer's  test,  409 

Tropaeolin  test  for  hydrochloric  acid,  150 
Trypsin  in  pancreatic  cvsts,  518 

test  for,  5i8 
Tube-casts  in  the  urine,  482 

amyloid,  493 

clinical  significance  of,  496 

compound  hyaline,  490 

fatty,  492 

formation  of,  494 

granular,  490 

hyaline,  489 

mode  of  examination  of,  489 

psendo-,  488,  494 

pus,  490 

staining  of,  489 

true,  489 

waxv,  492 
i  Tubercle  bacilli,  detection  of,  265 

in  the  blood,  107 

in  the  feces,  239 

in  the  milk,  538 
I  in  the  mouth,  128 

in  the  pus,  514 

in  the  sputum,  262 

in  the  urine,  502 
Tumor-particles  in  the  gastric  contents, 
I  187 

'         in  the  urine,  506 
Trypsin,  518 

Typhoid  fever,  bacillus  of,  100,  237 
in  the  blood,  100 
in  the  feces,  237 
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Typhoid  fever^  stools  in,  245 
Tyrosin  in  the  feces,  201 

in  the  sputam,  270 

in  the  urine,  324,  471 

tests  for,  473 

UFFELM ANN'S  test  for  lacUc  acid,  170 
Unorganized  sediments  in  urines,  463 
Ursemia,  50 

Urates  in  urinary  sediments,  465,  476 
Urea  in  the  blood,  49 
in  the  urine,  322 

estimation  of,  333 
properties  of,  329 
separation  of,  332 
tests  for,  330 
-nitrate,  330 
-oxalate,  330 
Ureometers,  334 
Doremus*,  339 
Green's,  339 
Hufner's,  339 
Marshall's,  339 
Simon's,  335 
Squibb' s,  341 
Urethritis,  gonorrhoeal,  502 
Uric  acid,  345 

crystals  of,  463 
diathesis,  349 
estimation  of,  49,  51,  353 
Folin's  method,  353 
Gravimetric  method,  354 
Ha^craft's  method,  355 
Ileintz's  method,  358 
Hopkins*  method,  353 
Ludwig  -  Salkowski's     me- 
thod, 356 
in  tlie  blood,  50 
in  the  saliva,  122 
in  the  urine,  345,  463 
properties  of,  351 
tests  for,  352 
Urinary  cylinders,  489 

sediments,  460 
Urine,  276 

acetone  in,  448 
acidity  of,  292 
albumins  in,  372 
alkapton  in,  441 
alloxur  biises  in,  346 
animal  parasites  in,  503 
benzoic  acid  in,  363 
bile  acids  in,  437 

pigments  in,  435 
blood  in,  386,  485 
carbohydrates  in,  402 
casts  in,  489 
chemistry  of,  293 
chlorides  in,  295 
chromogens  in,  425 
chylein,386,  437,  455,  476 
color  of,  278 


Urine,  consistence  of,  279 

diacetic  acid  in^  452 

Ehrlich's  reaction  in,  443 

epithelium  in,  478 

fat  in,  454,  475 

fatty  acids  in,  454 

fecal  matter  in,  506 

foreign  bodies  in,  506 

gases  in,  456 

general  appearance  of,  277 

chemical  composition  of,  293 

hippuric  acid  in,  361 

indican  in,  427 

kreatin  in,  364 

kreatinin  in,  364 

lactic  acid  in,  453 

leucocytes  in,  481 

microscopic  examination  of,  460 

mineral  ash,  estimation  of,  294 

neutral  sulphur  in,  319 

nitrogen  in,  322,  341 

nubecula  in,  277 

odor  of,  279 

organized  sediments  in,  478 

oxalic  acid  in,  369 

oxaluric  acid  in,  369 

oxybutyric  acid  in,  453 

parasites  in,  500 

phenol  in,  440,  446 

phosphates  in,  304 
I         pigments  in,  425 

ptomai'ns,  457 

pus  in,  482 

pvrocatechin  in,  440,  448 

quantity  of,  280 

reaction  of,  288 

sediments  in,  277,  460 

solids  in,  287 

specific  gravity  of,  283 

spermatozoa  in,  498 

sugar  in,  402 

sulphates  in,  313,  446 

urea  in,  322 

uric  acid  in,  345,  463 

vegetable  parasites  in,  500 

xanthin  bases  in,  346,  359 
Urines,  blue,  443 

green,  443 
Urinometer,  286 
Urobilin,  febrile,  206,  425 

normal,  206,  425 

pathologic,  425,  438 

tests  for,  439 

Bang's  test,  400 
Gerhardt's,  439 
V.  Jaksch's,  439 
Urobilinogen,  438 
Urobilinuria,  438 
Urochrome,  425 
Uroerythrin,  426 
Urofuscohaematin,  434 
Urohiematin,  432 
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Urohsematoporphyrin,  434 
Uroleacinic  acid,  441 
Urophain,  433 
Uroroseixii  433 
UroroeeinogeD,  433 
Urorubrohsematin,  434 
Uroxanthinic  acid,  441 
Urrhodinic  acid,  441 

VAGINAL  blennorrhoea,  53a 
discharge,  529 
bacteria  in,  529 
during  menstruation,  531 
following  parturition,  531 
general  description  of,  529 
in  abortion,  534 
in  gonorrhoea,  534 
in   membranous  dysmenorrhcea, 

532 
in  uterine  cancer,  534 
in  vaginitis,  532 
in  vuTyitis,  532 
parasites  in,  529,  530 
reaction  of,  529 
Vaginitis  exfoliativa,  532 
Valeur  globulaire,  33 
Vermes,  in  the  blood,  119 
in  the  feces,  224 
in  the  sputum,  261 
in  the  urine,  505 
Vitairs  test  for  pus,  482 
Vitelloses,  163 
Vomited  material,  181 
bile  in,  183 
blood  in,  183 
food  material  in,  181 
mucus  in,  182 
odor  of,  185 


Vomited  material,  pancreatic  juice  in,  183 

parasites  in,  184 

pus  in,  184 

saliva  in,  182 

stercoraceous  material  in,  184 
Vomitus  matutinus,  182 
v.  Fleischl's  hsemometer,  31 

WANG'S  estimation  of  indican,  430 
Wassiliew's  estimation  of  albumin, 
395 

Waxy  casts,  492 

Weigert-Ehrlich  stain,  265 

Weyl's  test  for  kreatinin,  366 

Whetstone  crystals  (see  Uric  acid),  463 

White  blood-corpuscles  (see  Leucocytes), 
63 

Whooping-cough,  sputum  in,  267 

Worms  (see  Vermes),  224 

Widal's  serum-test,  100 

Williamson's  blood-test,  48 

Will-Varrentrapp's    method   of  estimat- 
ing nitrogen,  343 

Wocxiward's  method  of  estimating  milk- 
proteids,  540 

XANTHIN  bases  in  the  blood,  52 
in  the  urine,  346,  359,  473 
estimation  of,  360 
Xantho-proteic  reaction,  202 

YEAST-CELLS  in  the  gastric  contents, 
185 
in  the  urine,  504 

y lEHI^NEELSEN  stain,  266 

Li    Zymogens  in  the  gastric  juice,  157 
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OPERATIVE  DENTISTRY.     Edited  by  Edward  C.  Kirk,  D.D.S.,  Professor 


of  Clinical  Dentistry,  Department  of  Dentistry,  University  of  Pennsylvania,     700  pages, 
761  engravings.     Cloth,  $5.50;  leather,  $6.50,  net. 

AMERICAN  SYSTEMS  OF  GYNECOLOGY  AND  OBSTETRICS.  Id  treatises 
by  the  most  eminent  American  specialists.  Gynecolog}'  edited  by  Matthew  D.  Mans, 
A.M.,  M.D.,  and  Obstetrics  edited  by  Barton  C.  Hirst,  M.D.  In  four  large  octavo 
volumes  comprising  3612  pages,  with  1092  engravings,  and  8  colored  plates.  Per  volume, 
cloth,  $5 ;  leather,  $6 ;  half  Russia,  $7.     For  sale  by  stib»cription  only.     Prospectus  free. 

ASHHURST  (JOHN,  JR.).  THE  PRINCIPLES  AND  PRACTICE  OF  SUR 
GERY.  For  the  use  of  Students  and  Practitioners.  Sixth  and  revised  edition.  In  on 
large  and  handsome  8vo.  volume  of  1161  pages,  with  656  engravings.  Cloth,  $6 ;  leather,  $T 

A  SYSTEM  OF  PRACTICAL  MEDICINE  BY  AMERICAN  AUTHORS.  £dit( 
by  William  Pepper,  M.D.,  LL.D.  In  five  large  octavo  volumes,  containing  5573  pag 
and  198  illustrations.  Price  per  volume,  cloth,  $5 ;  leather,  $6 ;  half  Russia,  $7.  St 
by  subscription  only.     Prospectus  free  on  application  to  the  Publishers. 

A  PRACTICE  OF  OBSTETRICS    BY  AMERICAN   AUTHORS.      See  Jeu 

page  9. 

ATTPIELD  (JOHN).  CHEMISTRY;  GENERAL,  MEDICAL  AND  PHj 
MACEUTICAL.  S'ew  (16th)  edition,  specially  revised  by  the  Author  for  Ame 
In  one  handsome   12mo.  volume  of  784  pages,  with  88  illustrations.     Cloth,  $2.50, 
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BACON  (OOBHAM).  ON  THE  EAR  One  12mo.  volume,  898  pages,  with  109 
engraTings  and  one  colored  plate.    Cloth,  $2,  neL 

BABNE8  (BOBEBT  AND  FANOOUBT).  A  SYSTEM  OF  OBSTETRIC  MED- 
ICINE AND  SURGERY,  THEORETICAL  AND  CLINICAL,  The  Section  on 
Elmbrjology  by  Pbof.  MrLNES  Mabshaul  In  one  large  octavo  volume  of  872  pages, 
frith  231  illustrations.    Cloth,  $5 ;  leather,  $6. 

XABTHOLOW  (B0BBBT8).  CHOLERA  ;  ITS  CA  USATION,  PREVENTION 
AND  TREATMENT.  In  one  12mo.  volume  of  127  pages,  with  9  illustrations. 
Cloth,  $1.25. 

BILLINGS  (JOHN  8.).  THE  NATIONAL  MEDICAL  DICTIONARY.  Includ- 
ing in  one  alphabet  English,  French,  Grerman,  Italian  and  Latin  Technical  Terms  used  in 
Medicine  and  the  Collateral  Sciences.  In  two  very  handsome  imperial  octavo  volumes, 
containing  1574  pages  and  two  colored  plates.  Per  volume,  cloth,  $6  j  leather,  $7 ;  half 
Morocco,  $8.50.     For  sale  by  subscription  only.     Specimen  pages  on  appUcation.  !^^ 

BLACK  (D.  CAMPBELL).  THE  URINE  IN  HEALTH  AND  DISEASE, 
AND  URINARY  ANALYSIS,  PHYSIOLOGICALLY  AND  PATHOLOGI- 
CALLY CONSIDERED.  In  one  12mo.  volume  of  256  pages,  with  73  engravings. 
Cloth,  $2.75. 

BLOXAM  (C.  L.).  CHEMISTRY,  INORGANIC  AND  ORGANIC.  With 
Experiments.  New  American  from  the  fifth  London  edition.  In  one  handsome  octavo 
volume  of  727  pages,  with  292  illustrations.     Cloth,  $2 ;  leather,  $3. 

BBOCEWAY  (FBED.  J.).  A  POCKET  TEXT-BOOK  OF  ANATOMY.  12mo. 
of  about  400  pages,  richly  illustrated.    Shortly. 

BBUCB  (J.  MITCHELL).  MATERIA  MEDICA  AND  THERAPEUTICS. 
>'ew  (6th)  edtion.  In  one  12mo.  volume  of  600  pages.  Just  ready.  Cloth,  $1.50,  nei. 
See  Student^  Series  of  Manuals,  page  14. 


PRINCIPLES  OF  TREATMENT.     In  one  octavo  volume  of  625  pages.    Just 

Ready.     Cloth,  $3.75,  net. 

BBYANT  (THOMAS).  THE  PRACTICE  OF  SURGERY.  Fourth  American 
from  the  fourth  English  edition.  In  one  imperial  octavo  volume  of  1040  pages,  with  727 
illustrations.     Cloth,  $6.50 ;  leather,  $7.50. 

BUMSTEAD  (F.  J.)  AND  TAYLOB  (B.  W.J.  THE  PATHOLOGY  AND 
TREATMENT  OF  VENEREAL  DISEASES.  See  Taylor  on  Venereal  Diseases, 
page  15. 

BUBCHABD  (HENBY  H.).  DENTAL  PATHOLOGY  AND  THERAPEUTICS, 
INCLUDING  PHARMACOLOGY.  Handsome  octevo,  575  pages,  with  400  illus- 
trations.    Cloth,  $5  ;  leather,  $6,  nei^ 

BUBNETT  (CHABLES  H.).  THE  EAR:  ITS  ANATOMY,  PHYSIOLOGY 
AND  DISEASES.  A  Practical  Treatise  for  the  Use  of  Students  and  Practitionen. 
Second  edition.  In  one  8vo.  volume  of  580  pages,  with  107  illustrations.  Cloth,  $4 ; 
leather,  $5. 

CABTEB  (B.  BBUDENELL)  AND  FBOST  (W.  ADAMS).  OPHTHALMIC 
SURGERY.  In  one  pocket-size  12mo.  volume  of  559  pages,  with  91  engravings  and 
one  plate.     Cloth,  $2.25.    See  Series  of  Clinical  Manuals,  page  13. 

CA8PABI  (CHABLES,  JB.).  A  TREATISE  ON  PHARMACY.  For  Students 
and  Pharmacists.  In  one  handsome  octavo  volume  of  680  pages,  with  288  illustrations, 
aoth,  $4.50. 

CHAPMAN  (HENBY  C).  A  TREATISE  ON  HUMAN  PHYSIOLOGY.  New 
(2d)  edition.  In  one  octavo  volume  of  921  pages,  with  595  illustrations.  Just  ready. 
Cloth,  $4.25 ;  leather,  $5.25,  net. 
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0HABLE8  (T.  ORANSTOUN).  THE  ELEMENTS  OF  PHYSIOLOGICAL 
AND  PATHOLOGICAL  CHEMISTRY,  In  one  handsome  octavo  volume  of  451 
pages,  with  38  engravings  and  1  colored  plate.    Cloth,  $3.50. 

OHEYNE  (W.  WATSON).  THE  TREATMENT  OF  WOUNDS,  ULCERS 
AND  ABSCESSES.    In  one  12mo.  volume  of  207  pages.    Ooth,  |1.25. 

OHETNE  (W.  WATSON)  AND  BUEGHAED  (F.  F.).  SURGICAL  TREAT- 
MENT, In  seven  octavo  volumes,  illustrated.  Volume  I,  just  ready.  299  pages  and 
66  engravings.  Cloth,  $3.00,  neL  Volume  II,  just  ready.  382  pages,  141  engravings. 
Cloth,  $4.00,  net.  Volume  III.  Just  Ready.  300  pages,  100  engravings.  Cloth,  ^.50,  neL 
Vol.  iV.     In  Press. 

OLABKE  (W.  B.)  AND  LOCEWOOD  (0.  B.).  THE  DISSECTOR'S  MANUAL. 
In  one  12mo.  volume  of  396  pages,  with  49  engravings.  Cloth,  $1.50.  See  Students^  Series 
of  Manuals^  page  14. 

OLELAND  (JOHN).  A  DIRECTORY  FOR  THE  DISSECTION  OF  THE 
HUMAN  BODY.    In  one  12mo.  volume  of  178  pages.    Qoth,  $1.25. 

CLINICAL  MANUALS.    See  Series  of  Clinical  Mwn,\udsy  page  13. 

OLOUSTON  (THOMAS  S.).  CLINICAL  LECTURES  ON  MENTAL  DIS- 
EASES. New  (5th)  edition.  Crown  8vo.,  of  736  pages  with  19  colored  plates.  Cloth, 
$425,  net 

gSir  Folsom's  Abstract  of  Laws  ^  U.S.  on  Custody  of  Insane,  octavo,  $1.50,  is  sold  in 
coi^unction  with  CUmsion  on  Mental  Diseases  for  $5.00,  net,  for  the  two  works. 

OLOWES    (FRANK).  AN  ELEMENTARY   TREATISE   ON  PRACTICAL 

CHEMISTRY  AND  QUALITATIVE  INORGANIC  ANALYSIS.    From  the 

fourth  £nglish  edition,  in  one  handsome  12mo.  volume  of  387  pages,  frith  55  engrav- 
ings.   Cloth,  $2.50. 

OOAKLEY  (CORNELIUS  G.).  THE  DIAGNOSIS  AND  TREATMENT  OF 
DISEASES  OF  THE  NOSE,  THROAT,  NASO-PHARYNX  AND  TRACHEA. 

In  one  12mo.  volume  of  526  pages,  with  92  engravings,  and  2  colored  plates.     Cloth, 

$2.75,  net. 

COATES  (W.  E.,  Jr.).  A  POCKET  TEXT-BOOK  OF  BACTERIOLOGY 
AND  HYGIENE.     12mo.,  of  about  350  pages  with  many  illustrations.     Shortly. 

COATS  (JOSEPH).  A  TREATISE  ON  PATHOLOGY.  In  one  volume  of  829 
pages,  with  339  engravings.     Cloth,  $5.50 ;  leather,  $6.50. 

COLEMAN  (ALFRED).  A  MANUAL  OF  DENTAL  SURGERY  AND  PATH- 
OLOGY. With  Notes  and  Additions  to  adapt  it  to  American  Practice.  By  Thos.  C. 
Stellwagen,  M.A.,  M.D.,  D.D.S.  In  one  handsome  octavo  volume  of  412  pages,  with 
331  engravings.     Cloth,  $3.25. 

COLLINS  (0.  P.).  A  POCKET  TEXT-BOOK  OF  MEDICAL  DIAGNOSIS. 
12mo.  of  about  350  pages.     Shortly. 

COLLINS  (H.  D.)  AND  ROCKWELL  (W.  H.,  JR.).  A  POCKET  TEXT- 
BOOK OF  PHYSIOLOGY.  12mo.,  of  316  pages,  with  153  illustrations.  Just 
Ready.     Cloth,  $1.50,  net;  flexible  red  leather,  $2.00,  net. 

CONDIE  (D.  FRANCIS).    A  PRACTICAL  TREATISE  ON  THE  DISEASES 

OF  CHILDREN.    Sixth  edition.    8vo.  719  pages.    Cloth,  $5.25 ;  leather,  $6.25. 

CORNIL  (V.).  SYPHILIS:  ITS  MORBID  ANATOMY,  DIAGNOSIS  AND 
TREA  TMENT.  Translated,  with  Notes  and  Additions,  by  J.  Henby  C.  Simes,  M.D., 
and  J.  William  White,  M.D.  In  one  8vo.  volume  of  461  pages,  with  84  illustrations. 
Cloth,  $3.75. 
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CROCKETT  (M.  A.).  ^  POCKET  TEXT-BOOK  OF  DISEASES  OF 
WOMEN.  12mo.  of  368  pages,  with  107  illuBtrations.  Just  Ready.  Cloth,  $1.50,  neL 
Flexible  Bed  Leather,  $2.00,  net 

CROOK  (JAMES  K.).    MINERAL  WATERS  OF  UNITED  STATES.    Octavo 
574  pages.     Just  ready.     Cloth,  $3.50,  net 

CULBRETH  (DAVID  M.  R. ) .  MA  TERIA  MEDIC  A  AND  PHARMA  COLOQ  F. 
Kew  (2d)  edition.  In  one  handsome  octavo  volume  of  about  850  pages,  with  445  en- 
gravings.    In  press. 

CIJSHNY  (ARTHUR  R.)  A  TEXT-BOOK  OF  PHARMACOLOGY  AND 
THERAPEUTICS.  Octavo  of  728  pages,  with  47  illustrations.  Ju^  ready.  Cloth, 
$3.75,  net 

DALTON  (JOHN  C).  A  TREATISE  ON  HUMAN  PHYSIOLOGY.  Seventh 
edition,  thoroughly  revised.  Octavo  of  722  pages, with  252  engravings.  Cloth,  $5;  leather,$6. 

DOCTRINES  OF  THE  CIRCULATION  OF  THE  BLOOD.  In  one  hand- 
some 12mo.  volume  of  293  pages.    Cloth,  $2. 

DAVENPORT  (F.  H.).  DISEASES  OF  WOMEN.  A  Manual  of  Gynecology. 
For  the  use  of  Students  and  Oeneral  Practitioners.  New  (3d)  edition.  In  one  hana- 
some  12mo.  volume,  387  pages  and  150  engravings.    Cloth,  $1.75,  net. 

DAVIS  (F.H.).  LECTURES  ON  CLINICAL  MEDICINE.  Second  edition.  In 
one  12mo.  volume  of  287  pages.    Cloth,  $1.75. 


DAVIS  (EDWARD  P.).  A  TREATISE  ON  OBSTETRICS.  For  Students  and 
Pnctitioners.  In  one  very  handsome  octavo  volume  of  546  pages,  with  217  eng^vings, 
and  30  full-page  plates  in  colors  and  monochrome.    Cloth,  $5 ;  leather,  $6. 

DE  LA  HECHE'S  GEOLOGICAL  OBSER  VER.  In  one  large  octavo  volume  of  700 
pages,  with  300  engravings.    Cloth,  $4. 

DENNIS  (FREDERIC  S.)  AND  BILLINGS  (JOHN  S.).  A  SYSTEM  OF 
SUROEAY,  In  Contributions  by  American  Authors.  In  four  very  handsome  octavo 
volumes,  containing  3652  pages,  with  1585  engravings,  and  45  full-page  plates  in  colors 
and  monochrome.  Per  volume,  cloth,  $6 ;  leather,  $7 ;  half  Morocco,  gilt  back  and 
top,  $8.50.    For  sale  by  svhscription  only.     Full  prospectus  free. 

DERCXJM  ^TIANCIS  X.).  Editor.  A  TEXT-BOOK  ON  NERVOUS  DIS- 
EASES.  By  American  Authors.  In  one  handsome  octavo  volume  of  1054  pages,  with 
341  ^[igravings  and  7  colored  plates.    Cloth,  $6 ;  leather,  $7,  net 

DE  8CHWEINITZ  (GEORGE  E.).  THE  TOXIC  AMBLYOPIAS;  THEIR 
CLASSIFICATION,  HISTORY,  SYMPTOMS,  PATHOLOGY  AND  TREAT- 
MENT. Very  handsome  octavo,  240  pages,  46  engravings,  and  9  full-page  plates  in 
colors.    Limited  edition,  de  luxe  binding,  $4,  neL 

DRAPER  (JOHN  C. ).  MEDICAL  PHYSICS.  A  Text-book  for  Students  and  Prac^ 
titioners  or  Medicine.    Octavo  of  734  pages,  with  376  engravings.    Cloth,  $4. 

DRDITT  (ROBERT).  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN 
SURGERY.  A  new  American,  from  the  twelfth  London  edition,  edited  by  Stanley 
BoTD,  F.R.C.S.    Large  octavo,  965  pages,  with  373  engravings.    Cloth,  $4 ;  leather,  $5. 

DUANE  (ALEXANDER).  A  DICTIONARY  OF  MEDICINE  AND  THE 
ALLIED  SCIENCES.  Comprising  the  Pronunciation,  Derivation  and  Full  Explan- 
ation  of  Medical,  DenUl^  Pharmaceutical  and  Veterinary  Terms.  Together  with  much 
0>llateral  Descriptive  Matter,  Numerous  Tables,  etc.  New  (3d)  edition.  Square  octavo 
volume  of  652  pages  with  8  colored  plates.  Just  Ready.  Cloth,  $3.00,  net;  limp 
leather,  $4.00,  net. 

DUDLEY  (E.  C).  A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE 
OF  GYNECOLOGY.  For  Students  and  Practitioners.  New  (2d)  edition.  In  one 
very  handsome  octavo  volume  of  717  pages,  with  453  engravings,  of  which  47  are 
colored,  and  8  full  page  plates  in  colors  and  monochrome.  Just  Ready.  Cloth,  $5.(X),  net; 
leather,  $6.00,  net;  half  morocco,  $6.50,  net. 

DUNCAN  (J.  MATTHEWS).  CLINICAL  LECTURES  ON  THE  DISEASES 
OF  WOMEN.  Delivered  in  St.  Bartholomew's  Hospital.  In  one  octavo  volume  of 
175  pages.    Cloth,  $1.50. 
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DTJNQLI80N  (BOBLEY).  A  DICTIONARY  OF  MEDICAL  SCIENCE,  Con- 
taining  a  full  Explanation  of  the  Various  Subjects  and  Terms  of  Anatomy,  Phrsioli^j 
Medici  Chemistry,  Pharmacy,  Pharmacology,  Therapeutics,  Medicine,  Hygiene,  Dietetics. 
Pathology,  Sui^gery,  Ophthalmology,  Otology,  Lar^gology,  Dermatology,  Gynecology, 
Obstetrics,  Pediatrics,  Medical  Jurisprudence,  Dentistry,  etc,  etc.  By  Bobuct  Dukgli- 
SON,  M.D.,  LL.D.,  late  Professor  of  Institutes  of  Medicine  in  the  Jefrerson  Medical  Col- 
lege of  Philadelphia.  Edited  by  Bichabd  J.  Dunglison,  A.M.,  M.D.  Twenty-«eoond 
edition,  thoroughly  reyised  and  greatly  enlarged  and  improyed,  with  the  Pronundation, 
Accentuation  and  Deriyation  of  the  Terms.  With  Appendix.  Imperial  octayo  of  1350 
pages.  Just  ready.  Cloth,  $7.00,  n^t;  leather,  |8.00,  net  Tub  edition  contains 
portrait  of  Dr.  Robley  Dunglbon. 

DUNHAM  (EDWABD  K.).  MORBID  AND  NORMAL  HISTOLOQY,  Octayo, 
450  pages,  with  360  illustrations.     Cloth,  $3.25,  net 

NORMAL  HISTOLOQY.     New  (2d)  edition.    Octayo,  319  pages,  with  244 


illustrations.     Just  Ready,     Cloth,  $2.50,  net, 

EDE8  (BOBEBT  T.).  TEXT-BOOK  OF  THERAPEUTICS  AND  MATERIA 
MEDIC  A,    In  one  8yo.  yolume  of  544  pages.    Cloth,  $3.50;  leather,  $4.50. 

EDI8  (ABTHUB  W.).  DISEASES  OF  WOMEN.  A  Manual  for  Students  and 
Practitioners.  In  one  handsome  8yo.  yolume  of  576  ^pages,  with  148  engrayinga. 
Cloth,  $3 ;  leather,  $4. 

EGBEBT  (SENECA).  HYGIENE  AND  SANITATION,  In  one  12mo.  yolume  of 
359  pages,  with  63  illustrations.     Cloth,  $2.25,  neL 

ELLIS  (GEOBGE  VINEB).  DEMONSTRATIONS  IN  ANATOMY.  Being  a 
Guide  to  the  Knowledge  of  tne  Human  Body  by  Dissection.  From  the  dghth  and  reyiied 
English  edition.    Octayo,  716  pages,  with  249  engrayings.    Cloth,  $4.25 ;  leather,  $5.25. 

EMMET  (THOMAS  ADDIS).  THE  PRINCIPLES  AND  PRACTICE  OF 
O  YNMCOL  OOY,  For  the  use  of  Students  and  Practitioners.  Third  edition,  enlarged 
and  reyised.    8yo.  of  880  pages,  with  150  original  engrayings.    Cloth,  $5 ;  leather,  $6. 

EBICHSEN  (JOHN  E.).    THE  SCIENCE  AND  ART  OF  SURGERY.    A  new 

American  from  the  eighth  enlarged  and  reyised  London  edition.    In  two  large  octayo 
yolumes  containing  2316  pages,  with  984  engrayings.    Cloth,  $9 ;  leather,  $11. 

E8SIG  (CHABLE8  J.).  PROSTHETIC  DENTISTRY.  See  American  TeH-booh 
fjf  DerUistryy  page  2. 

EVANS  (DAVID  J.).  A  POCKET  TEXT-BOOK  OF  OBSTETRICS.  12mo. 
of  409  pages,  with  148  illustrations.  Cloth,  $1.75,  net;  limp  leather,  $2.25,  net  Just  ready. 

FABQUHABSON  (BOBEBT).  A  GUIDE  TO  THERAPEUTICS.  Fourth 
American  from  fourth  English  edition,  revised  by  Frai^k  Woodbury,  M.D.  In  one 
12mo.  volume  of  581  pages.     Cloth,  $2.50. 

FIELD  (GEOBGE  P.).  A  MANUAL  OF  DISEASES  OF  THE  EAR,  Fourth 
edition.     Octavo,  391  pages,  with  73  engravings  and  21  colored  plates.     Cloth,  $3.75. 

FLINT  (AUSTIN).    A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE 

OF  MEDICINE.    New  (7th)  edition,  thoroughly  revised  by  Frederick  P.  Henry, 
M.D.     In  one  large  8vo.  volume  of  1143  pages,  with  engravings.     Cloth,  $6 ;  leather,  $6. 

=^\4  MANUAL  OF  AUSCULTATION  AND  PERCUSSION;  of  the  Physi- 
cal Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  and  of  Thoracic  Aneurism.  Fifth 
edition,  revised  by  James  C.  Wilson,  M.D.  In  one  handsome  12mo.  volume  of  274 
pages,  with  12  engravings. 

A    PRACTICAL    TREATISE   ON  THE  DIAGNOSIS  AND    TREAT- 


MENT OF  DISEASES  OF   THE  HEART,    Second  edition,  enlarged.     In  one 
octavo  volume  of  550  pages.     Cloth,  $4. 

A   PRACTICAL   TREATISE  ON  THE  PHYSICAL  EXPLORATION 


OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DISEASES  AFFECTING 
THE  RESPIRA TOR  Y  ORGANS,  Second  and  revised  ediUon.  In  one  octayo  yol- 
ume of  591  pages.     Cloth,  $4.50. 

MEDICAL  ESS  A  YS.     In  one  12rao.  volume  of  210  pages.     Cloth,  $1.38. 

ON  PHTHISIS :  ITS  MORBID  ANA TOMY,  ETIOLOG  F,  ETC.    A  Series 


of  Clinical  Lectures.     In  one  8vo.  volume  of  442  pages.     Cloth,  $3.50. 
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F0L80M  (0.  F.).  AN  ABSTRACT  OF  STATUTES  OF  U.  S.  ON  CUSTODY 
OF  THE  INSANE,  In  one  8yo.  volume  of  108  pages.  Cloth,  $1.50.  With  ClousUm 
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Cloth,  $3.25,  net. 

MULLER  (J.).  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY.  In  one 
large  8vo.  volume  of  623  pages,  with  538  engravings.     Cloth,  $4.50. 

MU88ER  (JOHN  H.).  A  PRACTICAL  TREATISE  ON  MEDICAL  DIAG- 
NOSIS, for  Students  and  Physicians.  New  (3d)  edition.  In  one  octavo  volume  of 
1082  pages,  with  253  engravings  and  48  full-page  colored  plates.  Just  Ready.  Cloth, 
$6.00,  net;  leather,  $7.00,  net. 

NATIONAL  DISPENSATORY.    See  StilU,  Maiach  d  Caspari,  page  14. 

NATIONAL    FORMULARY.      See  National  Dispenaatary,  page  14. 

NATIONAL  MEDICAL  DICTIONARY.    See  BUUngs,  page  3. 

NETTLE8HIP  (E.).  DISEASES  OF  THE  EYE.  New  (6th)  American  from  sixth 
English  edition.  Thoroughly  revised.  In  one  12mo.  volume  of  562  pages,  with  192 
engravings,  5  colored  plates,  test-types,  formulse  and  color-blindness  test.  Just  Ready. 
Cloth,  $2.25,  net. 

NICHOLS  (JOHN  B.)  AND  VALE  (F.  P.).  A  POCKET  TEXT-BOOK  OF 
HISTOLOGY  AND  PATHOLOGY.  12mo.  of  459  pages,  with  213  illustrations. 
Just  ready.     Cloth,  $1.75,  net;  flexible  red  leather,  $2.25,  net. 

H0RRI8  (WM.  F.)  AND  OLIVER  (CHAS.  A.).  TEXT-BOOK  OF  OPHTHAIr- 
MOLOGY.  In  one  octavo  volume  of  641  pages,  with  357  engravings  and  5  colored 
plates.     Cloth,  $5 ;  leather,  $6. 

OWEN  (EDMUND).  SURGICAL  DISEASES  OF  CHILDREN.  In  one  12mo. 
Yolame  of  525  pages,  with  85  engravings  and  4  colored  plates.  Cloth,  $2.  See  Series  of 
CUnical  Manuals,  page  13. 

PARK  (WILLIAM  H.).  BACTERIOLOGY  IN  MEDICINE  AND  SURGERY. 
12mo.  688  pag^  with  87  engravings  in  black  and  colors  and  2  colored  plates.  Just 
Ready.     Cloth,  $3.00,  net. 

PARK  (ROSWELL),  Editor.  A  TREATISE  ON  SURGERY,  by  American  Authors. 
For  Students  and  Practitioners  of  Surgery  and  Medicine.  New  condensed  edition. 
In  one  large  octavo  volume  of  1261  pages,  with  625  engravings  and  38  plates.  Just 
Ready.  Cloth,  net,  $6.00;  leather,  net,  $7.00.  ii^This  work  is  published  also  in  a 
large  edition,  comprising:  two  octavo  volumes.  Vol.  I.,  GenercU  Surgery,  799  pages,  with 
356  engravings  and  21  full-page  plates  in  colors  and  monochrome.  Vol.  II.,  Special 
Surgery,  796  pages,  with  451  engravings  and  17  full-page  plates  in  colors  and  mono- 
chrome.    Price  per  volume,  cloth,  $4.50;  leather,  $5.50,  neL 

PARVm  (THEOPHILUS).  THE  SCIENCE  AND  ART  OF  OBSTETRICS. 
Third  edition.  In  one  handsome  octavo  volume  of  677  pages,  with  267  engravings  and 
2  colored  plates.     Cloth,  $4.25 ;  leather,  $5.25. 
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PEPPEB'S  SYSTEM  OF  MEDICINE,    See  page  2. 

PEPPER  (A.  J.).  SURGICAL  PATHOLOGY.  In  one  12mo  volume  of  611  pages, 
with  81  engravings.    Cloth,  $2.    See  StudmUf  Series  q^  Manualsy  page  14. 

PICK  (T.  PIOEESINQ).  FRACTURES  AND  DISLOCATIONS.  In  one  12nio, 
volume  of  530  pages,  Mrith  93  engravings.    Cloth,  $2.    See  Series  of  Clinical  MomuaUf  p.  13. 

PLAYFAIB  (W.  SO.  A  TREATISE  ON  THE  SCIENCE  AND  PRACTICE 
OF  MIDWIFERY  New  (7th)  American  from  the  Ninth  English  ediUon.  In  one 
octavo  volume  of  700  pages,  with  207  engravings  and  7  full  page  plates.  Cloth,  $3.75, 
net;  leather,  $4.75,  net 

THE  SYSTEMATIC  TREATMENT  OF  NERVE  PROSTRATION  AND 

HYSTERIA,    In  one  12mo.  volume  of  97  pages.    Uoth,  $1. 

POUTZEB  (ADAM).  A  TEXT-BOOK  OF  THE  DISEASES  OF  THE  EAR 
AND  ADJACENT  ORGANS,  Second  American  from  the  third  German  edition. 
In  one  octavo  volume  of  748  pages,  with  330  original  engravings. 

POCKET  FOBMULABY.    See  page  1. 

POCKET  TEXT-BOOKS  Cover  the  entire  domain  of  medicine  in  sixteen  volumes  of 
350  to  450  pages  each,  written  by  teachers  in  leading  American  medical  collies. 
Issued  under  the  editorial  supervision  of  Bern  B.  6ai.laud£T,  M.D.  ,  of  the  College  of 
Physicians  and  Surgeons,  New  York.  Thoroughly  modem  and  authoritative,  conctse 
and  clear,  amply  illustrated  with  engravings  and  plates,  handsomely  printed  and 
bound.  The  series  is  constituted  as  follows  :  Anatomy  (preparing),  Phvsiology  (ready), 
Chemistry  and  Physics  (ready),  Histology  and  Pathology  (ready\.  Materia  Medica, 
Therapeutics,  Medical  Pharmacy,  Prescription  Writing  and  Medical  Latin  {ready), 
Practice  (ready).  Diagnosis  (shortly).  Nervous  and  Mental  Diseases  (ready).  Surgery 
(.preparing),  Uenito- Urinary  and  Venereal  Diseases  {preparing).  Skin  Diseases 
(preparing).  Eye,  Ear,  Nose  and  Throat  (ready),  Obstetncs  (ready).  Gynecology 
(ready).  Diseases  of  Children  (ready),  Bacteriologr  and  Hvgiene  (shortly).  For  further 
details  see  under  respective  authors  in  this  catalogue.  Special  circular  free  on  appli- 
cation. 

POTTS  (CHA8.  8.).  ^  POCKET  TEXT-BOOK  OF  NERVOUS  AND 
MENTAL  DISEASES,  12mo.  of  456  pages,  with  88  illlustrations.  Just  ready. 
Cloth,  11.75,  net;  flexible  red  leather,  $2.25,  net. 

PBOGBESSIVE  MEDICINE.    See  page  1. 

PURDY  (CHAELES  W.).  BRIGHT'S  DISEASE  AND  ALLIED  AFFEC- 
TIONS OF  THE  KIDNEY.  In  one  octavo  volume  of  288  pages,  with  18  engrav- 
ings.    Cloth,  $2. 

PYE-SMITH  (PHILIP  H.).  DISEASES  OF  THE  SKIN.  In  one  12mo.  volume 
of  407  pages,  with  28  illustrations,  18  of  which  are  colored.     Cloth,  $2. 

QUIZ  SERIES.     See  Students'  Quiz  Series,  page  14. 

EALFE  (CHARLES  H.).  CLINICAL  CHEMISTRY.  In  one  Timo.  volume  ol 
314  pages,  with  IG  engravings.     Cloth,  $1.50.     See  Student^  Series  of  Manuals,  page  14. 

RAMSBOTHAM  (FRANCIS  H.).  THE  PRINCIPLES  AND  PRACTICE  OF 
OBSTETRIC  MEDICINE  AND  SURGERY.  Imperial  octavo,  of  640  pages, 
with  64  plates  and  numerous  engravings  in  the  text.     Leather,  $7. 

REMSEN   (IRA).     THE  PRINCIPLES  OF  THEORETICAL    CHEMISTRY. 

New  (5th)  edition,  thoroughly  revised.     In  one  12mo.  volume  of  326  pages.     Cloth,  $2. 

RICHARDSON  (BENJAMIN  WARD).    PREVENTIVE  MEDICINE,    In  one 

octavo  volume  of  729  pages.     C'loth,  $4 ;  leather,  $5. 

ROBEBTS  (JOHN  B.).  THE  PRINCIPLES  AND  PRACTICE  OF  MODERN 
SURGERY.  New  (2d)  edition.  In  one  octavo  volume  of  838  pages,  with  474 
engravings  and  8  plates.     Just  Ready.     Cloth,  $4.25,  nei;  leather,  $5.25,  net. 

THE  COMPEND  OF  ANATOMY.     For  use  in  the  Dissecting  Room  and  in 

preparing  for  Examinations.     In  one  16mo.  volume  of  196  pages.     Limp  cloth,  75  cents. 
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ROSS  (JAMES).  A  HANDBOOK  OF  THE  DISEASES  OF  THE  NERVOUS 
SYSTEM.  In  one  handsome  ocUto  yolome  of  726  pages,  with  184  engravings.  Cloth, 
H^i  leather,  $5.50. 

8GHAFEB  (EDWARD  A.).  THE. ESSENTIALS  OF  HISTOLOO  F.  DESCBIP- 
TIVE  AND  PRACTICAL.  For  the  use  of  Students.  New  (5th)  edition.  In  one 
handsome  octayo  volume  of  350  pages,  with  325  illustrations.    Cloth,  $3,  neL 

A    COURSE   OF  PRACTICAL   HISTOLOGY.    Second  edition.     In   one 


12ma  volume  of  307  pages,  with  59  engravings.     Cloth,  $2.25. 

SOHLEEF  (WM.).  A  POCKET  TEXT-BOOK  OF  MATERIA  MEDIC  A, 
THERAPEUTICS,  PRESCRIPTION  WRITING.  MEDICAL  LATIN  AND 
MEDICAL  PHARMACY.  12mo.  352  pages.  Just  Ready.  Cloth,  $1.50,  net; 
flexible  red  leather,  $2.00,  net. 

80HMITZ  AND  ZUMPT'S  CLASSICAL  SERIES. 
ADVANCED  LATIN  EXERCISES.    Cloth.  60  cents;  half  bound,  70  cents. 
SCHMITZ'S  ELEMENTARY  LATIN  EXERCISES.    Cloth,  50  cents. 
8ALL  UST.     Cloth,  60  cents ;  half  bound,  70  cents. 
NEPOS.    Cloth.  60  cents ;  half  bound,  70  cents. 
VIRGIL.     Cloth,  85  cents ;  half  bound,  $1. 
OURTIUS.    Cloth,  80  cents ;  half  bound,  90  cents. 

J)    (ALFRED   T.).     ELEMENTARY  PHYSIOLOGY  FOR  STU- 


DENTS.    In  one  12mo.  volume  of  380  pages,  with  227  engravings  and  2  colored  plates. 
aoth,$2. 

SOHREIBER  (JOSEPH).  A  MANUAL  OF  TREATMENT  BY  MASSAGE 
AND  METHODICAL  MUSCLE  EXERCISE.  Translated  by  Wai.ti»  Mkndei^ 
SON,  M.D.,  of  New  York.  In  one  handsome  octavo  volume  of  274  pages,  with  117  fine 
engravings. 

SENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plates,  10  of  which  are  colored,  and  9  engravings, 
aoth,  $2. 

SERIES  OF  CLINICAL  MANUALS.  A  Series  of  Authoritative  Monographs  on 
Important  Clinical  Subjects,  in  12mo.  volumes  of  about  550  pages,  well  illustrated.  The 
following  volumes  are  now  ready:  Yeo  on  Food  in  H^dth  and  Disease,  new  (2d) 
edition,  $2.50;  Cabter  and  Frost's  Ophthalmic  Surgery,  $2.25;  Mabsh  on  Discuses 
of  the  Joints,  $2 ;  Owen  on  Surgical  Diseases  of  Children,  $2 ;  Pick  on  Fractures  and 
Dislocations,  $2. 
For  separate  notices,  see  under  various  authors'  names. 

SERIES  OF  POCKET  TEXT-BOOKS.    See  page  12. 

SERIES  OF  STUDENTS'  MANUALS.    See  next  page. 

SIMON  (CHARLES  E.).  CLINICAL  DIAGNOSIS,  BY  MICROSCOPICAL 
AND  CHEMICAL  METHODS.  New  (3d)  and  revised  edition.  In  one  handsome 
octavo  volume  of  563  pages,  with  138  engravings  and  18  full-page  plates  in  colors. 
Ju8t  Ready.     Cloth,  $3.50,  net. 

SIMON  (W.).  MANUAL  OF  CHEMISTRY.  A  Guide  to  Lectures  and  Laboratory 
Work  for  B^;inners  in  Chemistrv.  A  Text-book  speciallj  adapted  for  Students  of  Phar- 
macy and  Medicine.  New  (6th)  edition-  In  one  8vo.  volume  of  536  pages,  with  46 
engravings  and  8  plates  showing  colors  of  64  tests.     Cloth,  $3.00,  net 

8LADE  (D.  D. ) .  DIPHTHERIA  ;  ITS  NA  TURE  AND  TREA TMENT.  Second 
edition.     In  one  royal  ]2mo.  volume,  158  pages.    Cloth,  $1.25. 

SMITH  (EDWARD).  CONSUMPTION;  ITS  EARLY  AND  REMEDIABLE 
STAGES,     in  one  8vo.  volume  of  253  pages.     Cloth,  $2.25. 

SMITH  (J.  LEWIS).  A  TREATISE  ON  THE  DISEASES  OF  INFANCY 
AND  CHILDHOOD.  Eighth  edition,  thoroughly  revised  and  re?rritten  and  greatlv 
enlarged.  In  one  large  8vo.  volume  of  983  pages,  with  273  illustrations  and  4  fiill- 
page  plates.     Cloth,  $4.50 ;  leather,  $5.50. 
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filQTH  (STEPHEN).  OPERA  TIVE  SURGES Y,  Second  and  thoroughly  levlMd 
edition.     In  one  octavo  vol.  of  892  pages,  with  1005  engravings.     Cloth,  $4 ;  leather,  $5. 

SOLLY  (8.  EDWIN).  A  HANDBOOK  OF  MEDICAL  CLIMATOLOGY. 
In  one  handsome  octavo  volume  of  462  pages,  with  engravings  and  11  full-page  piatei, 
5  of  which  are  in  colors.     Cloth,  $4.00. 

fiTILLE  (ALFBED).  CHOLERA;  ITS  ORIGIN,  HISTORY,  CAUSATION, 
SYMPTOMS,  LESIONS,  PREVENTION  AND  TREATMENT.  In  one  12ma. 
volume  of  163  pages,  with  a  chart  showing  routes  of  previous  epidemics.     Cloth,  $1.25. 

THERAPEUTICS  AND  MATERIA  MEDIC  A,    Fourth  and  revised  edition. 


In  two  octavo  volumes,  containing  1936  pages.     Cloth,  $10 ;  leather,  $12. 

STILLE  (ALFBED),  MAI8CH  (JOHN  M.)  AND  CA8PAEI  (CHA8.  JB.). 
THE  NATIONAL  DISPENSATORY:  Containing  the  Natural  History,  Chemistry, 
Pharmacy,  Actions  and  Uses  of  Medicines^  including  those  recognized  in  the  latest  Phar- 
macopoeias of  the  United  States,  Great  Bntian  and  Grerman^,  with  numerous  referenoa 
to  the  French  Codex.  Fifth  eoition,  revised  and  enlarged  in  accordance  with  and  em- 
bracing the  new  U  S.  Pharmaa^pcna,  Seventh  Decennial  Bevision.  With  Supplement 
■containing  the  new  edition  of  the  NaUonal  Formulary.  In  one  magnificent  imperial 
octavo  volume  of  2025  pages,  with  320  engravings  Cloth,  $7.25;  leather,  $8.  With 
r«idy  reference  Thumb-letter  Index.     Cloth,  $7.75;  leather,  $8.50. 

fiTIM80N  (LEWI8  A.).  A  MANUAL  OF  OPERATIVE  SURGERY.  New 
(4th)  edition.  In  one  royal  12mo.  volume  of  581  pages,  with  293  engravings.  Cloth,  $3.00, 
net.    Just  Ready. 

-. A  TREATISE  ON  FRACTURES  AND  DISLOCATIONS.  In  one  hand- 
some octavo  volume  of  831  pages,  with  326  engravings  and  20  full-page  plates.  Cloth, 
$5 ;  leather,  $6,  neL 

BTUDENT8'  QUIZ  8EBIE8.  A  New  iSeries  of  Manuals  in  question  and  answer  for 
Students  and  Practitioners,  covering  the  essentials  of  medical  science.  Thirteen  volumes, 
pocket  size,  convenient,  authoritative,  well  illustrated,  handsomely  bound  in  limp  cloth, 
and  issued  at  a  low  price.  1.  Anatomy  (double  number);  2.  Physiology;  3.  Chemistry 
and  Physics ;  4.  Histology,  Pathology  and  Bacteriology ;  5.  Materia  Medica  and  Thera- 
peutics; 6.  Practice  of  Medicine;  7.  Surgery  (double  number);  8.  Grenito-Urinary  and 
Venereal  Diseases;  9.  Diseases  of  the  SHn;  10.  Diseases  of  the  Eye,  Ear,  Throat  and 
Nose;  11.  Obstetrics;  12.  Gynecology;  13.  Diseases  of  Children.  Price,  $1  each,  except 
Nos.  1  and  7,  Anatomy  and  Surgery^  which  being  doable  numbers  are  priced  at  $1.75  eacn. 
Full  specimen  circular  on  application  to  publishers. 

STXJDENTS'  SEBIES  OF  MANUALS.  A  Series  of  Fifteen  Manuals  by  Eminent 
Teachers  or  Examiners.  The  volumes  are  pocket-«ize  12mos.  of  from  300-540  pages,  pro- 
fusely illustrated,  and  bound  in  red  limp  cloth.  The  following  volumes  may  now  be 
announced:  Herman's  First  Lines  in  Alidwifery,  $1.25;  Luff's  Manual  of  Chemistry, 
$2;  Bruce's  Materia  Medica  and  Therapeutics  (sixth  edition),  |1.50,  net;  Gould's  Sur- 
gical Diagnosis,  $2;  Klein's  Elements  of  Histology  (5th  edition),  $2.00,  net;  Pepper's 
Surgical  Pathology,  $2;  Treves'  Surgical  Applied  Anatomy,  $2;  Ralfe's  Clinical 
Chemistry,  $1.50;  and  Clarke  and  Lockwood's  Dissector's  Manual,  $1.50. 
For  separate  notices,  see  under  various  authors'  names. 

8TXJBGES  (OCTAVIUS).  AN  INTRODUCTION  TO  THE  STUDY  OF  CLIN- 
ICAL MEDICINE.     In  one  12mo.  volume.     Cloth,  $1.25. 

SUTTON  (JOHN  BLAND).  SURGICAL  DISEASES  OF  THE  OVARIES 
AND  FALLOPIAN  TUBES.  Including  Abdominal  Pregnancy.  In  one  12mo.  vol- 
ume of  513  pages,  with  119  engravings  and  5  colored  plates.     Cloth,  $3. 

TAIT  (LAWSON  .  DISEASES  OF  WOMEN  AND  ABDOMINAL  SURGERY. 
Vol.   1.  contains  554  pages,  62  engravings,  and  3  plates.     Cloth,  $3. 

TANNEB  (THOMAS  HAWKES).  ON  THE  SIGNS  AND  DISEASES  OF 
PREGNANCY.  From  the  second  English  edition.  In  one  octavo  volume  of  490  pages, 
jrith  4  colored  plates  and  16  engravings.     Cloth,  $4.25. 
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TAYLOR  (ALFRED  S.).  MEDICAL  JURISPRUDENCE.  New  American 
firom  the  twelfth  English  edition,  specially  revised  by  Clark  Beli^  Ebq..  of  the  N.  Y. 
Bar.  In  one  octavo  volume  of  831  pages,  with  54  engravings  and  8  full-page  plates, 
aoth,  $4.50;  leather,  $5.50. 

ON  POISONS    IN   RELATION    TO   MEDICINE    AND    MEDICAL 


JUBISPR  UDENCE.    Third  American  from  the  third  London  edition.    In  one  8vo. 
Yolume  of  788  pages,  with  104  illustrations.    Qoth,  $5.50;  leather,  $6.50. 

TAYLOR  (ROBERT  W.).  THE  PATHOLOGY  AND  TREATMENT  OF 
VENEREAL  DISEJlSES.  New  (2d)  edition.  In  one  very  handsome  octavo  volume 
of  720  pages,  with  130  engravings  and  27  colored  plates.  JuM  ready.  Cloth,  $5.00,  net; 
leather,  $6.00,  net. 

A  PRACTICAL  TREATISE  ON  SEXUAL  DISORDERS  IN  THE  MALE 


AND  FEMALE,     New  (2d)  edition.     In  one  octavo  volume  of  434  pages,  with  91 
engravings  and  13  plates.    Just  Ready.    Cloth,  $3.00,  net 

A    CLINICAL   ATLAS    OF    VENEREAL   AND    SKIN    DISEASES. 


Including  Diagnosis,  Pro^osis  and  Treatment.  In  eight  large  folio  parts,  measuring 
14  X  18  inches,  and  comprising  213  beautiful  figures  on  58  full-page  chromo-lithogptphic 
plates,  85  fine  engravings,  and  425  pages  of  text.  Complete  work  now  ready.  I^ce  per 
part,  sewed  in  heavy  embossed  paper,  $2.50.  Bound  in  one  volume,  half  Russia,  $27 ; 
naif  Turkey  Morocco,  $28.  For  sale  by  svhseription  <mly.  Address  the  publishers.  Spec- 
imen plates  by  mail  on  receipt  of  10  cents. 

TAYLOR  (8ETMOX7R).  INDEX  OF  MEDICINE.  A  Manual  for  the  use  of  Senior 
Students  and  others.    In  one  large  12mo.  volume  of  802  pages.     Cloth,  $3-75. 

THOMAS  (T.  QAILLARD)  AND  MUNDE  (PAUL  F.).  A  PRACTICAL 
TREATISE  ON  THE  DISEASES  OF  WOMEN.  Sixth  edition,  thoroughly 
revised  by  Paul  F.  Mitnde,  M.  D.  In  one  handsome  octavo  volume  of  8^  pag^  with 
347  engravings.     Cloth,  $5 ;  leather,  $6. 

THOMPSON  (W.  OILMAN).  A  TEXT-BOOK  OF  PRACTICAL  MEDICINE. 
For  Students  and  Practitioners.  In  one  handsome  octavo  volume  of  1012  pages,  with 
79  illustrations.     Just  Ready.     Goth,  $5.00,  net;  leather,  $6.00,  net 

THOMPSON  (SIR  HENRY).  CLINICAL  LECTURES  ON  DISEASES  OF 
THE  URINARY  ORGANS.  Second  and  revised  edition.  In  one  octavo  volume  of 
203  pages,  Mrith  25  engravings.    Cloth,  $2.25. 


THE  PATHOLOGY  AND   TREATMENT  OF  STRICTURE  OF  THE 

URETHRA  AND  URINARY  FISTULA.  From  the  third  English  edition.  In 
one  octavo  volume  of  359  pages,  with  47  engravings  and  3  lithographic  plates.  Cloth, 
$3.50. 

THOMSON  (JOHN).  A  GUIDE  TO  THE  CLINICAL  EXAMINATION  AND 
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